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Dermalon monofilament nylon is available on 
ATRAUMATIC needles shown above. Pliability 
improved if nurse moistens DERMALON be- 
fore passing to surgeon. 
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After crushing phrenic nerve, the skin is closed 
with continuous subcuticular suture of 4-0 
DERMALON monofilament nylon on CE-4 
ATRAUMATIC needle, (D & G Product 1682.) 
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Notice neat approximation of skin edges ob 
tained with ATRAUMATIC needle, Needles are 
always new and sharp. No double strand to 
pull through tissues. 


On the sixth postoperative day, suture is with- 
drawn. Product 1682, of exceptionally smooth 
DERMALON, is very easy to remove, 





minimal scarring 
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DERMALON 


The patient often judges the skill of 
the surgeon by the degree of scarring. 
There is minimal scarring with 
DERMALON monofilament nylon suture 
with arraumMatTic® needle attached— 
for example, D & G's ce-4 (% circle 
cutting edge). This was developed by 
Davis & Geck at the request of plastic 
surgeons. It is now widely used for 
many types of skin closures in major 
and minor traumatic surgery. 
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30 days later—hardly a trace of scar, because 
of surgeon's delicate handling of tissues and 
minimal reaction to DERMALON suture and 
ATRAUMATIC need/ .. 


Davis & Gieck inc. 


a unit of American Cyanamid Company = Danbury, Connecticut 
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USE OF CONTROLLED HYPOTENSION IN LARGE 
BLOOD VESSEL SURGERY 


WILLIAM W. L. GLENN, M.D. 
L. JENNINGS HAMPTON, M.D. 
AND 
ALLAN V. N. GOODYER, M.D. 
NEW HAVEN, CONN. 


ONTROLLED hypotension has been used extensively in this country and 
abroad as a means of providing a relatively avascular f~'d for surgical pro 

cedures. Three general methods of producing hypotension have been used: arte- 
riotomy, total sympathetic blockade by high spinal anesthesia, and ganglionic 
blockade. Of the three methods the latter is the most physiologically sound and one 
of the most widely used. Until recently hexamethonium compounds have been 
generally employed but had the disadvantage of too prolonged vasodilation. There- 
fore a shorter-acting drug was sought, and recently the experimental and clinical 
use of a thiophanium derivative * to produce controlled hypotension has been 
reported.7 

Our interest in the use of controlled hypotension as an aid to large blood vessel 
surgery developed as a result of difficulty in the surgical management of two patients 
with exceptionally large patent ductus. The experience with one of these patients 
has been previously reported.* In that instance a short patent ductus with a diameter 
of 22 mm. was found at operation, and it was necessary to reduce the pressure in 
the ductus by the temporary cross clamping of the aorta proximal to the ductus. 
About a year later we again encountered a very large ductus in a 20-year-old 
patient, in whom in addition, the aorta was markedly dilated and thin walled. 
Division of this ductus was carried out, but just as the suture of the divided ends 
of the ductus was completed a tear developed in the aorta at its junction with the 
ductus and at the point of application of the Potts ductus forceps. 
ee 

From the Departments of Surgery and Medicine, Yale University School of Medicine 

This study is a part of an investigation on the use of controlled hypotension in cardiovascu 
lar surgery, supported in part by a research grant H-851 from the National Heart Institute of 
the National Institute of Health, Public Health Service 

* RO 2- (Arfonad) ; d-3,4[1'3’-dibenzyl-2’-keto-imidazolido]-1,2 trimethylene thiophan 
ium d-camphor sulfonate). This drug was furnished by Hoffmann-LaRoche, Inc., Nutley, N. J. 

+ References 1, 2, and 3 

t The hole in the wall of the aorta was approximately 2 to 3 mm., and hemorrhage was 
profuse when not controlled by digital pressure. With the aim of closing the tear by the place 
ment of sutures in the aortic wall, the aorta proximal to the ductus was occluded with a Potts 
coarctation forceps. The points of the clamp penetrated the thin-walled aorta, and hemorrhage 
occurred at three points in the aortic wall where the forceps was applied. The forceps was 


quickly removed, and hemorrhage was controlled by digital pressurs At the suggestion of 


(Footnotes continued on next page) 
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Although we considered these two methods of handling large patent ductus 
therapeutically satisfactory, they were, to say the least, trying and hazardous. It 
occurred to us after the second case that, should we again be confronted by a large 
ductus, especially one with a dilated thin-walled aorta, an attempt would be made 
to reduce the size of the aorta and the pressure in the ductus and aorta prior to 
division of the patent ductus. 

During the past eight months we have used controlled hypotension in seven 
patients undergoing surgery for a patent ductus (Table). This method was used 
only in older children or in adults, when the ductus was unusually large and short 
or the aorta adjacent to the ductus was dilated and thin walled. Hypotension was 
produced in all but one patient by a constant intravenous infusion of Arfonad in 
0.1% solution in 5% dextrose in water. The amount of solution administered was 
dependent on the response to the drug of the blood pressure of the individual patient, 
in view of the fact that extreme differences in sensitivity to Arfonad have been 
observed.* The pressure was reduced until there was a visible shrinking of the aorta. 


Summary of Data 


Blood Pressure 
see 
During Dura 
—— - , tion,* 
Diagnosis Operation Date Drug Before Low High Usual Min. 
P.D.A Division 12/ 4/62 Arfonad 152/90 100/68 120/80 120/80 65 
P.D.A Division 12/11/52 Arfonad 150/80 04/58 120/70 110/80 70 
P.D.A Division 2/ 6/58 Arfonad 140/64 86/50 106/60 100/60 70 
Aortic Resection 5/ 2/58 Arfonad 110/70 70/40 90/50 74/44 80 
aneurysm 
P.D. A. Ligation 6/12/58 Arfonad 100/62 70/58 82/5 82/50 15 
P.D.A Division 6/25/68 Hexamethon- 144/78 104/70 118/72 110/70 
jum/chloride 
P.D.A Division 6/30/53 Arfonad 110/60 78/50 90/5 80/50 
18 P.D.A. Division 7/21/58 Arfonad 110/60 84/50 98 /{ 92/52 65 


* Actual period of hypotension. When Arfonad was administered, the blood pressure usually returned to a normotensive 
level 56 to 15 minutes after infusion of the drug was discontinued. In the one patient receiving hexamethonium chloride the 
recovery from hypotension was much slower. There was a lapse of one hour after the last dose of hexamethonium 
chloride (2 mg.) was administered, before beginning recovery of the blood pressure. 


It was usually quite easy to maintain the pressure at a constant level (Figs. 1 and 
2). In one patient hexamethonium chloride was administered intravenously in 
increments of 0.5 to 4 mg. for a total dose of 12.5 mg. 

In one patient (Case 5) the ductus was ligated rather than divided because of 
the presence of a large calcified placque that extended from within the ductus lumen 
almost half way across the posterior wall of the aorta. Suture of the divided ductus 
in this patient even with the aid of hypotension was considered too hazardous. 
(This is, we believe, one of the rare indications for ligation of the patent ductus. ) 
The oldest patient in this group (Case 7) was aged 38 at the time of operation. The 
ductus in this patient was divided in spite of the fact that the aorta appeared to be 
dilated and sclerotic. Despite hypotension, a tear in the aorta developed at the site 
of the Potts ductus forceps. Hemorrhage from the aorta was not severe and was 
easily controlled with absorbable gelatin sponge after approximately 15 minutes of 


pressure. The aorta was then wrapped with fascia lata as a precautionary measure, 
a 


Dr. G, E. Lindskog the aorta was wrapped circumferentially, the fascia lata technique of Wylie 


and his associates ®° being used. Hemorrhage from all points was immediately controlled, and 
the subsequent postoperative course was uneventful. 
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considered advisable to prevent recurrence of hemorrhage from the tear. We believe 
that controlled hypotension in this patient (Fig. 1), by providing a less distended, 
more thick-walled aorta, was responsible for preventing a larger tear in this vessel 
and for making the hemorrhage easier to control. The patient made an uneventful 
recovery. 
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Fig. 2. 


Figs. 1 and 2.—Brachial blood pressures taken by cuff method. Values recorded are therefore 
only approximate. Arfonad, 1% solution, was administered by continuous drip infusion. In 
Patient 38-74-51 (Case 4) a test dose of Arfonad was given prior to resection of the aneurysm. 


This is shown on Figure 2 as a sharp fall in blood pressure, with a prompt return to normal. 


The excision of aneurysms of the aorta has recently been reported in a number 
of cases.§ After controlled hypotension was used in several patients with large 


§ References 7 and 8. 
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patent ductus, it seemed advisable to employ this technique in the resection of a 
saccular aneurysm of the ascending aorta (Case 4; Fig. 3). The aneurysm com 
municated with the aorta through a 7.5 cm. opening. Before hypotension was 
induced, the aneurysm was tightly distended. After the induction of controlled hypo 
tension (Fig. 2) the neck of the aneurysmal sac became easily compressible. With 
a Crafoord clamp applied across the neck of the aneurysm, the sac was resected and 
the opening in the side of the aorta was closed. 

Detailed renal function studies were not done on any of these patients, but such 
routine observations as were made on renal function (PSP, NPN, urinalysis) did 
not reveal any impairment following operation. Also, there was no evidence of 
cerebral or coronary complications. The blood pressure was permitted to return to 
a normotensive level prior to closure of the chest, and there was no evidence at 
this time or in the postoperative period of delayed hemorrhage from operative 
wound. 


COM MENT 


The influence of a hypotensive agent on a dilated and thin-walled aorta is 
dramatic. It does not require any elaborate experiment to demonstrate the effect 
of a diminished pressure on the size or wall thickness of a tube with elastic walls 
During controlled hypotension the aorta decreases visibly in size and becomes 
easily compressible between the thumb and forefinger. One fact that seemed remark 
able was the decrease in size which occurred after only a moderate reduction 
(approximately 25% ) in blood pressure. 

It was of interest to determine whether the pressure in the pulmonary artery 
might not be affected by the administration of the hypotensive drug, since in patients 
with pulmonary hypertension the pulmonary pressure could conceivably exceed the 
aorta pressure, causing a right-to-left shunt as long as the ductus was open. In one 
patient direct pulmonary artery pressures were taken before and after the ductus 
was occluded and then again in a similar sequence after the administration of 
\rfonad. There was a prompt fall in pulmonary artery pressure after the ductus 
was occluded and an even greater fall with the ductus occluded after the adminis 
tration of Arfonad. This may have resulted from a decrease in pulmonary vascular 
resistance due to Arfonad or from decreased venous return and cardiac output,’ 
possibly brought about by the creation of a large reservoir for blood in the periphery. 
The latter mechanism has been suggested to explain the relief by Arfonad of pul 
monary edema secondary to pulmonary hypertension in patients with left heart 
failure.* Whether Arfonad has any appreciable effect on the pulmonary artery 
pressure in the presence of chronic pulmonary hypertension has not been determined 

It would appear from our experience that controlled hypotension as an aid to 
large blood vessel surgery is a logical procedure, which provides an appreciable 


decrease in size and easy compressibility of the aorta with only moderate reduction 


in the aortic pressure. A short-acting vasopressor substance is preferable, particu 


larly when sudden hemorrhage fay occur and when suture lines must be tested 
at normotensive levels. 
SUM MARY 
Controlled hypotension has been used in seven patients undergoing surgery for 
closure of a patent ductus and in one patient who had a resection of an aneurysm 


of the ascending aorta. The impression has been gained that the decrease in size of 
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the aorta and the ease of compressibility of this vessel resulting from the hypo- 
tensive state facilitated the surgical procedures. All patients in this series recovered, 
and no complications secondary to the hypotensive state during operation were 
recognized. 

ADDENDUM 

After this work was begun, a questionnaire was sent out by one of us (L. J. H.) 
in the course of an investigation on the use of controlled hypotension in the United 
States. Two instances of the use of controlled hypotension in the surgical treatment 
of coarctation of the aorta were reported. Unfortunately, the authors of these ques- 
tionnaires were anonymous; consequently, further details are not known at this 
time. 

More recently, and since this paper was submitted for publication, an article by 
Julian and his associates *® has appeared. These authors reported the use of Arfonad 
to reduce the trauma caused by the aortic hemostatic clamp during the resection 
of the aortic bifurcation. 
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GASTROINTESTINAL BLEEDING DUE TO SPLENIC VEIN 
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ASSIVE bleeding into the gastrointestinal tract may be caused by splenic vein 
obstruction due to involvement of the pancreas by neoplasms, either primary 
or secondary, or by cysts. Interference with the return flow of venous blood from 
the spleen may result in congestive splenomegaly, gastric varices, and at times 


esophageal varices. Fatal hemorrhage from ruptured varices may be prevented in 


such situations by splenectomy. Recently there have been three patients on the 
surgical division at this hospital in whom death due to exsanguination was averted 
by removal of the spleen and the obstructing tumor. 


REPORT OF CASES 

Case 1.—M. R. (Montefiore Hospital admission number 53369). The case history of this 
51-year-old white man has been reported in detail in a previous publication.' Because of massive 
melena, he had been treated in another institution with repeated blood transfusions. At this hos 
pital he was found to have gastric varices and hypersplenism in addition to severe anemia and 
tarry stools. On March 3, 1951, through a left thoracoabdominal incision, a splenectomy and 
hemipancreatectomy were performed for carcinoma of the tail of the pancreas (G. R. G.). Large 
varicosities were present in the region of the vasa brevia; the spleen was enlarged to three 
times its normal size, and the splenic vein near the hilus of the spleen was completely surrounded 
and greatly compressed by the pancreatic tumor. The pathology report was anaplastic adenocar 
cinoma of the tail of the pancreas and congestive splenomegaly due to extrinsic compression of 
splenic veins by pancreatic carcinoma. 

The postoperative course was uncomplicated, with the exception of a persistent hypergly 
cemia. For several months postoperatively the patient was able to return to his usual occupa 
tion, diabetes was controlled with insulin, and there was no recurrence either of gastrointestinal 
bleeding or of hypersplenism. Platelet and white blood cell counts remained at normal levels 
until the terminal episode. Seven months after operation the patient was readmitted to the hospi- 
tal with intestinal obstruction. At autopsy adenocarcinoma of the body of the pancreas was 
found with widespread metastases. 

Case 2.—G. C. (Montefiore Hospital admission number 57480), a 46-year-old Italian-born 
male laborer was admitted to the Montefiore Hospital on March 30, 1952, with a history of 
intermittent black stools for the previous 15 months. Frequent blood transfusions had been 
necessary, and massive hematemesis was noted for the first time three months before admission 
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Exploratory laparotomy was performed at another institution on Feb. 20, 1952. At that time the 
pertinent findings inc'uded an enlarged liver, a spleen enlarged to four times normal size, and 
dilated gastroepiploic veins; the source of bleeding was not identified. A biopsy of the liver was 
taken, and the pathology report was “pericholangitis.” 


Melena recurred four weeks after the exploration, and the patient was referred to this hospi- 


tal with the diagnosis of portal hypertension, for consideration for one of the operations 
designed to achieve portal decompression, The wound of the previous operation was well healed. 
here were no palpable organs or masses on abdominal examination. No dilated vessels were 
seen in the abdominal wall. Esophagoscopy failed to reveal the presence of esophageal varices. 
\ gastrointestinal series of x-rays disclosed an irregularity of the gastric folds in the cardia and 
fundus of the stomach, compatible with a diagnosis of gastric varices 

On admission the hemoglobin was 7.3 gm. per 100 cc., red blood cell count 2,900,000, and 
white blood cell count 4,350, with a normal differential smear. Stool guaiac reactions were 
repeatedly 4+. Liver function tests, including prothrombin time, cephalin flocculation, thymol 
turbidity, serum bilirubin, and alkaline phosphatase were all within normal limits. The blood 
urea nitrogen was 15.2 mg. per 100 cc.; fasting blood sugar 111 mg. per 100 cc., and the total 
protein and albumin: globulin ratio were normal. The patient continued to bleed under observa- 
tion, with both hematemesis and melena, requiring multiple transfusions. A preoperative diagno- 
sis of a lesion causing localized obstruction to the splenic vein was made on the basis of these 
findings coupled with the report of an enlarged spleen and dilated epiploic veins found at the 
previous operation. 

On April 29, 1952, an exploration was carried out through a thoracoabdominal incision by 
one of us (FE. S. H.). The liver appeared normal, and the spleen was enlarged to about five 
times normal size. The gastroepiploic veins and short gastric veins were markedly distended. 
Venous pressure in a gastroepiploic vein measured 80 mm. of water; in a coronary vein the 
pressure was 200 mm. of water. It was only after the spleen had been mobilized that a firm 
round tumor mass was found in the tail of the pancreas, encroaching upon the hilus of the spleen 
and obstructing the splenic vein. Splenectomy and partial pancreatectomy were performed en 
bloc. A frozen section of the mass was reported as showing carcinoma of the tail of the pancreas. 
In an attempt to increase the possibility of radical removal of the tumor, the remainder of the 
body of the pancreas was removed. During this secondary resection, the superior mesenteric 
vein was injured, resulting in a massive hemorrhage requiring 23 units of blood transfused under 
pressure before the hemorrhage was controlled by ligature and packing. Prior to closure of the 
abdominal wall, the wall of the small bowel was noted to be edematous and slightly blue in color 

The patient's postoperative course was stormy, complicated by paralytic ileus and temporary 
oliguria. Nasogastric suction was instituted, and the patient received chlortetracycline (aureo- 
mycin) by way of the Levin tube as well as streptomycin and penicillin parenterally. He remained 
in an oxygen tent for two days. Anticoagulants were not given, despite their possible beneficial 
value in terms of the vascularization of the small bowel, because of the danger of recurrent 
bleeding from the pancreatic bed. By the third postoperative day the blood urea nitrogen had 
fallen from 50.5 to 38.8 mg. per 100 cc., and urinary output became normal. Peristaltic sounds 
were evident, and oral feedings were well tolerated. Glycosuria was present for only 2 days, and 
did not recur; 10 days after operation the fasting blood sugar was 118 mg. per 100 cc. The stools 
became guaiac-negative, and the patient was discharged from the hospital two months postoper- 
atively. To date, 19 months postoperatively, there has been no repetition of gastrointestinal 
bleeding, and there is no evidence of recurrence of his pancreatic carcinoma. 

The pathology report was adenocarcinoma of the tail of the pancreas, which was confined to 
the initial specimen. There was no evidence of malignancy in the body of the pancreas, 
the removal of which nearly resulted in the loss of the patient. The mass involved the hilus of 
the spleen, compressing the splenic vein and resulting in chronic passive congestion of the 
spleen with splenomegaly. 

Case 3.—M. H. (Montefiore Hospital admission number 57222), a 27-year-old white woman 
was admitted to the hospital on March 5, 1952, with a chief complaint of massive hematemesis. 
Excision of an enlarged axillary lymph node at another institution two and one-half years prior 
to this admission had established the diagnosis of Hodgkin's disease. Roentgen therapy had been 
given, and the patient had done well, until five months before admission, when a persistent hypo- 
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had a 


chromic normocytic anemia was noted. Eighteen days prior to admission the patient 
massive hematemesis, treated supportively with blood transfusions. A second episode of large 
hematemesis occurred on the day before admission. The patient was hospitalized on the private 
service of Dr. Okrainetz for management of the gastrointestinal bleeding 

On admission there was no lymphadenopathy, aid no abdominal masses could be felt. The 
hemoglobin was 4.5 gm. per 100 cc.; the red blood cell count, 2,000,000, and hematocrit reading 
16%. The bone marrow was hyperplastic Che bleeding, coagulation, clot retraction, and pro 
thrombin times were all normal. The platelet count was normal, and the tourniquet test was 
negative. A gastrointestinal series and barium enema failed to show any lesion. X-ray examina 
tion of the chest revealed a left hilar adenopathy. On the eighth day after admission, the liver 
and spleen were both palpated 2 fingerbreadths below the costal margin 

The patient was treated supportively with multiple transfusions in the hope that the bleeding 
would stop. This did happen on several occasions, only to start again. Despite the fact that the 
source of bleeding had not been demonstrated, an exploratory laparotomy was performed on 
April 4, 1952. The liver, stomach, and small and large intestine were normal. The spleen was 
three times its normal size, and the gastroepiploic veins and veins in the vasa brevia were greatly 
dilated. A large dense mass was found in the hilus of the sp'een. The mass was fixed retroperi 
toneally, at the tail of the pancreas, and could not be resected. It was postulated that the mass 
represented Hodgkin’s disease and that radiotherapy to this area might be beneficial in shrinking 
the size of the mass, resulting either in cessation of bleeding or in the possibility that the mass 
might be locally resectable after treatment. Two sets of dilated gastroepiploic veins were ligated 
and divided in an effort to reduce the venous pressure within the stomach, and the operation was 
terminated 

Roentgen therapy to the splenic area was instituted on the fourth postoperative day. The 
patient received a total of 1,200 r over a period of 25 days. During this time she required 
repeated blood transfusions because of frequent episodes of gastrointestinal bleeding. Esopha 
goscopy failed to disclose the presence of esophageal varices. One month after operation the 
mass in the left upper quadrant clinicaliy was smaller 

Forty days after the initial operation (May 14, 1952) reexploration was done through a 
thoracoabdominal incision (EF. S. H.). At this time the spleen was enlarged to about three times 
normal size, and the mass of tissue around the tail of the pancreas and hilus of the spleen was 
movable. Splenectomy was performed, together with removal of the tail of the pancreas and th« 
tumor mass. The pathology report was malignant lymphoma with a Hodgkin's type of peripan 
creatic lymph node involvement and splenic vein obstruction with marked chronic passive con 
gestion of the spleen 

This patient demonstrated no glycosuria at any time. Her postoperative course was compli 
cated by the development of a left subdiaphragmatic abscess, which was drained satisfactorily on 
the 19th postoperative day. She recovered slowly and was discharged from the hospital two and 
one-half months after the splenectomy, with no further gastrointestinal bleeding. Since then she 
has improved remarkably, and at present, 19 months postoperatively, she is able to conduct her 
daily activities as a housewife and mother. A mass has developed in the right lower quadrant, 
presumably related to the Hodgkin's disease, and this has been treated satisfactorily by x-ray 
therapy 

COM MENT 


\ll three of these patients had massive, uncontrollable, recurrent gastric hemor 
rhages. Definitive diagnoses could not be made prior to surgery. At operation, 
through a thoracoabdominal approach, all three patients were found to have a tumor 
mass in the hilus of the spleen, obstructing the splenic vein and resulting in fundal 
and gastroepiploic varices with gastric bleeding. In all three instances the bleeding 
was completely controlled by splenectomy and has not recurred to date in the two 


patients still surviving 


Hypersplenism, as in the first case, has also been reported in a patient with 


obstruction of the splenic vein by a pancreatic cyst; the abnormal blood picture 
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was corrected by splenectomy and removal of the obstructing lesion.* Rousselot 
has reported four cases of gastrointestinal hemorrhage due to splenic vein obstruc- 
tion by benign lesions, including one pancreatic cyst; treatment consisted of 
splenectomy with excision of the obstructing lesion.* The experience in the present 
series emphasizes his admonition that a thorough search for a locally obstructing 
lesion be made before a venous decompression shunt type of operation be performed 
for the relief of the symptoms of portal hypertension. Reliance upon portal venog- 
raphy * to define a locally obstructing lesion might have resulted in overlooking 
the resectable carcinoma of the tail of the pancreas found in our second case. This 
had been missed at exploratory laparotomy at another institution 64 days prior to 
operation at this hospital. 


Ligation of the superior mesenteric vein during the course of pancreatic surgery, 


as in the second case in this series, has been accomplished with survival in numerous 


instances. Orr has summarized these cases recently, giving as a presumptive 
explanation for survival in some instances the existence of previous partial obstruc- 
tion of the vein with the development of collateral tributaries.’ Such was not the 
case in the present situation. Restoration of the continuity of the vein would be the 
procedure of choice, and this has been accomplished on a few occasions.* An 
anastomosis between the mesenteric vein and the inferior vena cava has also been 
described.* At present adequate criteria are not available for the definitive selection 
of patients in whom it would be safe to ligate the superior mesenteric vein. 

It must be emphasized that there is no suggestion in the cases reported of the 
achievement of a cure, Extraordinary palliation, however, has been accomplished. 
All three of these patients had required multiple transfusions preoperatively and 
were in imminent danger of fatal exsanguination. In none of the patients did 
hemorrhage become a problem postoperatively. The two patients who have survived 
for 19 months are still completely rehabilitated, one as a manual laborer and the 
other as a housewife. The woman with Hodgkin’s disease is known to have involve- 
ment in other parts of her body, and the ultimate prognosis must be that of the 
underlying lymphoma. The man with carcinoma of the tail of the pancreas has no 
evidence of recurrence at this time or any untoward sequelae as the result of inter- 
ruption of his superior mesenteric vein. 


SUMMARY 

Three cases are presented of massive gastrointestinal bleeding associated with 
splenic vein obstruction due to pancreatic tumors. 

Splenectomy and removal of the tumor obstructing the splenic vein resulted 
in complete cessation of gastrointestinal bleeding in all three instances. 

Carcinoma of the pancreas was found in two cases. One man died seven months 
postoperatively of recurrent carcinoma. The second man, in whom it was necessary 
to ligate the superior mesenteric vein, has no evidence of recurrent carcinoma 19 
months after operation. 

Involvement of the tail of the pancreas by Hodgkin’s disease was responsible 
for the venous obstruction in the third patient. 


———— 


* References 6 and 7 
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In all cases of obstructive splenomegaly with gastric varices and gastrointestinal 
bleeding, a thorough search for a locally obstructing lesion must be made before 
performing a venous shunt operation, as for the relief of portal hypertension. 
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PHYSIOLOGIC AND SURGICAL CONSIDERATIONS IN TREATMENT 
OF COMPLICATED LESIONS OF BILIARY TRACT 


WALTMAN WALTERS, M.D. 
ROCHESTER, MINN. 


INTRODUCTION : ARTHUR DEAN BEVAN 


HIS AFTERNOON, on my way from the airport, in my memories | 

ascended the three flights of stairs of the old Rush Medical College building to 
the large amphitheater in which Arthur Dean Bevan, Head of the Department of 
Surgery of Rush Medical College, and his medical colleagues, Sippy, Herrick, Post, 
and others, gave to large classes of medical students a basic knowledge of disease 
and the art and science of the practice of medicine and surgery. 

In the summer of 1917, in the midst of World War I, I transferred from the 
ivy-covered walls and the whispering pines surrounding the Dartmouth Medical 
School to the noise and bustle of this great city with all of its opportunities and 
temptations, accelerated by the uncertainties of war. | had been accepted by two 
Chicago medical schools as a transfer into their junior classes. I visited clinics at 
both and was so impressed by the personalities and teachings of Dallas Phemister 
and Arthur Dean Bevan that I chose to enter Rush, and have never regretted it. 

At that time Arthur Dean Bevan was at the height of his career. His influence 
was great among us students because of his commanding personality and his repu- 
tation as a great surgeon and also because of his friendly and understanding contacts 
with us. He realized the stress and strain that we were under as we tried to com- 
plete our medical education while being looked at askance by civilians who wondered 
why we were not in uniform. | remember that he was one of the members of the 
Rush faculty who urged that the Army give recognition to medical students pre- 
paring themselves for eventual entry into the Army by placing them in uniform, 
and he was, | believe, partly responsible for the formation of the Student Army 


Training Corps at the time. On one occasion, at the conclusion of a particularly 


brilliant operation and a discussion of the indications for the operation, he urged 
us to invest what money we could in United States War Savings Bonds and then 
rather shyly said that if any among us couldn’t afford to buy a bond, he would be 
glad to lend us money to do so, 

Throughout his long association with Rush, Dr. Bevan maintained his position 
as head of the surgical staff of Presbyterian Hospital, and he and Sippy and many 
santeisiatesience 
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others * 


not only gave freely of their time in the teaching of their specialties but 
willingly used their private patients for demonstrations before the students, a con 
tribution which the patients themselves enjoyed making to medical progress. On 
March 14, 1923, Dr. Bevan performed in Presbyterian Hospital the first operation 
in which ethylene-oxygen was used as an anesthetic. 

In 1929 the Trustees of the Presbyterian Hospital received a million dollar gift 
from Dr. and Mrs. Bevan for expansion of hospital facilities, particularly for the 
provision of medical services. 

Dr. Bevan was a member of the leading surgical associations of this country, 
a past President of the Chicago Medical Society, Interstate Postgraduate Medical 
Association, the American Surgical Association, and also a past President of the 
American Medical Association. 

Dr. Bevan’s bibliography, kindly furnished me by Mrs. Helen Molyneaux, 
Assistant Librarian of Rush Medical College, totals 271 papers. He covered a wide 
range of subjects in what was truly “general surgery.” Among his articles were 
25 on the kidney and 20 others on the treatment of such genitourologic lesions as 
undescended testis, hypertrophy of the prostate, hypospadias, and lesions of the 
bladder. There were 15 articles on lesions of the biliary tract and 12 on the stomach. 
I, too, have trod these same surgical fields during my 30 years as a surgeon 

In my years at Rush the internships at Presbyterian Hospital were nonrotating 
and there were no residencies, as such. However, some outstanding men were kept 
on as personal assistants to members of the staff and participated in the teaching 
of the Rush students. From this younger group at Presbyterian and Rush have 
come great surgeons and leaders in our specialty of surgery. | have no doubt but 
that the ambitions of many of them were stimulated and aided by Dr. Bevan. 
Among them were Dean Lewis, Dallas Phemister, Vernon David, Gatewood, Ed 
Miller, Harry Oberhelman, Herman Kretschmer, and Robert Herbst. It was my 
good fortune to become intimately acquainted with all of these men years later. 

I cannot begin to express my thanks and appreciation to those of you in the 
Chicago Surgical Society who have invited me to be your guest on this occasion 


and to give the Arthur Dean Bevan lecture for this year. You have undoubtedly 


noted the feeling of warmth with which | speak of Dr. Bevan, and | wish to 
express my gratitude to his associates and those teachers of mine at Rush for the 
excellent medical and general education which | obtained from them by precept 
and example. To this was added a delightfully profitable 18 months spent as an 
intern at St. Luke’s Hospital on the rotating services of McArthur, Halsted, and 
Mock in surgery; Arthur Elliott, Robert Preble, N. C. Gilbert, Joseph Capps and 
Joseph Miller in medicine, and John Porter and Phillip Lewin in orthopedic 
surgery. The teaching of these men and that of the physicians at Rush and Pres- 
byterian stood me in great stead during my three-year fellowship in the Mayo 
Foundation, where additional great men did all in their power to help me enter into 
a surgical career. It seems rather fitting, therefore, that I should address you this 
evening on the subject of lesions of the biliary tract, one of Dr. Bevan’s major 
interests, which in these modern days I have tried to give the stimulating title of 
“Physiologic and Surgical Considerations in the Treatment of Complicated Lesions 
of the Biliary Tract.” This topic has been a major interest of mine since 1921. 
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SEARCH FOR KNOWLEDGE AROUT THE PHYSIOLOGY OF THE BILIARY TRACT 


After completing my internship at St. Luke’s, | entered the Mayo Foundation 
as a Fellow in Medicine. I was fortunate to come under the influence of Leonard 
Rowntree, who, when he learned that I was interested in medical research, sug- 
gested that I spend six months in the research laboratory of physiologic chemistry. 


This experience and the application of the research methods of physiologic chemistry 


in problem cases stood me in good stead when later I had an opportunity to augment 
my surgical fellowship by learning experimental methods in surgical research under 
Frank Mann and Jesse Bollman. During this time, Greene, Snell, and I,’ following 
Rowntree’s stimulus, began a series of profile studies of liver function in diseased 
conditions. We hoped to find other tests which would add to the information 
obtained with the Rowntree-Rosenthal test with the sulfobromophthalein? dyes. 
This led to a particular interest on my part in studying patients with obstructive 
jaundice. 

We were among the first, I believe, to administer dextrose intravenously to 
improve the function of the liver * in such patients. We based our use of it on the 
experimental evidence of the value of such injections on Mann and on Magath dogs 
after hepatectomy.* At that time bleeding was a serious problem of operations for 
obstructive jaundice. Following the suggestion of Lee and Vincent, I began to use 
intravenous injections of a weak solution of calcium chloride which reduced the 
coagulation time of the blood and did reduce the incidence of fatal postoperative 
hemorrhage for the many years it was used.° This procedure was justly superseded 
by use of vitamin-K substances, which were introduced clinically by Butt, Snell, 


and Osterberg.® 


For this they obtained the vitamin-K fraction by extracting it 
from putrid fish meal with alcohol. Use of vitamin-K substances has almost com- 
pletely prevented postoperative bleeding in jaundiced patients. 

Three other pieces of experimental work about which I feel rather proud were 
carried out in those periods. These also arose from problems in the management of 
patients with lesions of the biliary tract. The first concerned a patient on whom I 
had performed choledochoduodenostomy for stricture of the common bile duci. 
From a small opening made inadvertently in the stump of the hepatic duct above 
the point of the anastomosis while dissecting the duct from the liver, large quan- 
tities of bile drained into the abdomen the afternoon and evening of the operation. 
When the incision was opened, bile gushed forth from above the liver; the elevated 
pulse rate, lowered blood pressure, and increased respiratory rate then returned 
to normal. The patient recovered. Bollman and I duplicated the condition in the 
laboratory by inflating a glove placed above the liver of a dog and showed that 
the changes in pulse rate, blood pressure, and respiration were the result of the 
displacement and rotation of the liver which interfered with the return circulation 
through the vena cava to the heart.’ 

A few years later, bleeding from the gall bladder fossa in a jaundiced patient 
caused biood to accumulate above the liver. When it clotted, the liver was depressed 
and rotated. Although the patient’s condition was extremely serious as a result of 
the shock-like conditions, the incision was opened and large clots were removed 
from between the liver and the diaphragm. The patient’s condition improved imme- 
diately, and she recovered completely. | might say that she had not lost an excessive 
amount of blood, and loss of blood was not responsible for her shock. 
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In this regard, Bollman has told me of the studies made during World War II 
on the cause of blackout among the dive-bombing pilots and among subjects exposed 
to centrifugal force in the human centrifuge as well as in an airplane dive. In both 
circumstances some downward drag and partial rotation of the liver occurred, 
which was partly responsible for the drop in blood pressure and the decrease in 
the blood draining from the abdomen and lower extremities to the heart, evident in 
blackout. The blackout or shock-like condition was counteracted in part by the 
wearing of a very tight abdominal belt which prevented the descent of the liver. 
More recently descent of the liver has been further prevented by having pilots 
assume a reclining position. 

On other occasions we studied the excretion of bile salts and bile pigment from 
different lobes of the liver in patients operated on for obstructing lesions of the bile 
duct.¢ Of practical importance is the fact that although the estimation of bile salt 
in the bile is a better indication of hepatic function than the excretion of bile pigment 
we found that the latter is a rough and reasonably accurate means of determining 
liver function postoperatively when viewed in light of the total amount of bile 
excreted. 

The problem of biliary dyskinesia in patients having had T-tubes placed in the 
common bile duct, particularly in cases of spasm of the sphincter of Oddi, was 
studied by McGowan, Butsch, and myself.'° We demonstrated by manometric 
studies as well as by roentgenologic means that spasm of the sphincter of Oddi could 


be produced by certain agents, such as morphine, which increase the intraductal pres- 


sure and produce pain, and could be relieved by such substances as amyl nitrite and 
glyceryl trinitrate, which relax the sphincter of Oddi.'' These studies have led us to 
carry out transduodenal sphincterotomy in some of our patients with biliary colic 
when no cause for the colic is discovered at operation and the common bile duct is 
not sufficiently enlarged to permit lateral anastomosis between it and the duodenum. 

During this period of study also, | had a chance to observe the death of some 
patients who were operated on for lesions of the biliary tract in which the picture 
seemed to be due to hepatic insufficiency. In 1922 Parham and I ¢ reported three 
cases in which the concentration of the blood urea was decreased as it was in the 
Mann hepatectomized dogs except that the patient had a progressive decrease in 
excretion of urine. The clinical picture was similar to that which was described by 
Gordon Hyde and others, as presented by some patients who died of hepatic fail- 
ure. I always contended that the hepatic failure in such cases was due to injuries 
of the blood supply to the right lobe of the liver during cholecystectomy. This, unfor- 
tunately, I proved to my satisfaction when I lost a patient as a result of injury of 
the right hepatic artery in the course of a difficult cholecystectomy. The patient's 
course, subsequent to operation, was typically that for hepatorenal syndrome in that 
all the evidences of hepatic failure began to appear on the third day, namely, an 
increasing jaundice, a decrease in the urinary output, and an increase in the temper- 
ature and the pulse rate, with elevation of the blood urea, At postmortem examination 
partial infarction of the right lobe of the liver was found. There was no injury to 
the common bile duct. 
ee 
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Later on in discussing biliary strictures | intend to comment in more detail on 
injuries to the hepatic artery as well as to the common bile duct. 


SURGICAL CONSIDERATIONS 
Clinical study of patients with complicated lesions of the biliary tract provides 
some of the most interesting problems of study and investigation of human diseases. 


The Gallstone in Complicated Lesions.—Most of these disturbances result from 


gallstones. They develop in the gall bladder, leave it one way or another, and pro- 


duce complications of biliary obstruction and infection. Although the etiologic fac- 
tors concerned with the formation of gallstones are not too well understood, the 
results of their being allowed to remain in the gall bladder and of their leaving it 
are known to all surgeons but unfortunately are sometimes disregarded by some 
well-meaning physicians who have concluded that in the absence of symptoms gall- 
stones are not surgical. 

With this viewpoint I cannot agree. Indeed, my colleagues and I, at the Mayo 
Clinic, for the most part advise operation on all patients with gallstones 1egardless 
of whether they are producing symptoms, provided that the condition of the patient 
permits. In my opinion, this viewpoint is amply justified by the fact that for the 
past few years approximately 25% of our patients at the Mayo Clinic who undergo 
operations for lesions of the biliary tract have had to have these operations because 
of complications arising from failure to remove a gall bladder containing gallstones. 
These complications are well known to all of you—the common duct stone; the 
the associated pancreatitis and hepatitis ; the badly damaged liver, the r=sult of bili- 
ary obstruction ; acute hydrops of the gall bladder, sometimes with perforation either 
locally or into the intestinal tract, and postoperative injuries of the bile ducts with 
their consequences. 

To me one of the outstanding things about diseases of the gall bladder is that the 
symptoms which the patient has are disproportionate to the degree of pathologic 
changes in the gall biadder. | am sure all of you have seen many patients with seem- 
ingly mild attacks of biliary-tract disease, who, at operation, have rather severe 
inflammation in the gall bladder wall, some of them even have common duct stones. 

Recently | operated on a 70-year-old patient who weighed 300 Ib. (135 kg.) who 
came to the clinic after four days of intestinal obstruction due to a gallstone impacted 
in the terminal ileum. Her only attack of biliary colic occurred 20 years previously! 
She survived operation, which was made surprisingly easy by having her lie on the 
left side. The huge panniculus adiposus of the abdominal wall then shifted to the 
operating table and away from the site of the incision. 

The diagnosis of gall-bladder disease made from the patient’s history, in my opin- 
ion, is much more important than roentgenologic demonstration of the presence or 
absence of gallstones. This is due to the fact that in at least 15% of our patients who 
have diseased gall bladders the stones fail to show in the cholecystogram. Although 
in some of these cases the cholecystogram may show the gall bladder as nonfunction- 
ing, in approximately 10% it does not show the stones and the gall bladder seems to 
function by filling and emptying. I have seen roentgenologic reports of normally 
functioning gall bladders in patients from whom I have removed hydropic gall blad- 
ders with a sizable stone obstructing the cystic duct. How the dye could get beyond 
such a stone and make the gall bladder roentgenologically visible is difficult for me to 
understand, unless the stone obstructed the duct after the cholecystogram was taken. 
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Stones in Common and Hepatic Ducts.—Before leaving the subject of biliary 
calculi, | should like to discuss the problem of stones in the common and hepatic 
ducts. I have governed my decision concerning opening and exploring the common 
and hepatic ducts on the history of the presence of jaundice and the size of the 
common duct. If the common duct is enlarged, | open and explore it with flexible 
scoops of varying size. | began to employ cholangiography ‘* about the 12th to the 
14th day after operation, in 1936. Since then I have been able to demonstrate that 
stones will seldom be overlooked if proper exploration of the common and hepatic 
ducts with scoops and by forcible, irrigation is carried out and if this procedure is 
combined with dilatation of the sphincter of Oddi by passing scoops through it and 
by palpating the duct, especially the ampullary area, with the scoop im situ. I have 
overlooked a stone in the common duct in only four cases since my return to the 
Mayo Clinic in 1945, after my Navy service. 

That such methods of exploration of the ducts are accurate is evidenced by the 
fact that neither my surgical colleagues nor | employ cholangiography at the time 
of operation. I have never seen a common duct of normal size which contained a 
gallstone. Moreover, because of the reported incidence of error in operative cholang1 
ography,'* the incidence of pancreatitis '° reported following its use at the operating 
table, and because of my satisfaction with the accurate exploration of the common 
and hepatic ducts, which I have described, I have not used operative cholangiography 
as an indication for exploration of the common duct. On the other hand, if enlarged 
common ducts are not opened and explored, even in the absence of a history of 
jaundice or chills and fever, common duct stones will be overlooked. A study | 
made several years ago concerning common duct stones removed at operation dis 
closed that a third of the patients had never been jaundiced, and two-thirds had 
never had chills or fever. 

| have had three cases, two recently, in which blood-stream infections developed 
after exploration and relief of the obstruction. Two patients had stones in the 
common duct. One patient had a Proteus infection which responded to a combi 
nation of oxytetracycline (Terramycin) given intravenously, dihydrostreptomycin 
given intramuscularly, and erythromycin given orally. The infection of the other 
two patients was due to a Gram-negative bacillus of the colon group. This responded 
to a combination of oxytetracycline and dihydrostreptomycin. 

Risk of Operation.—In regard to the risks involved in operations on the biliary 
tract, | should like to emphasize again the advantage of operating on a patient whose 
disease is confined to the gall bladder. If a stone is present in the common duct, or 
if enlargement of the common duct is present, opening and exploring the bile ducts 
are always necessary. 

There is an increase in the operative risk, especially if the patient is jaundiced 


This is well illustrated in the Table. The risk of cholecystectomy is increased over 


threefold for the patient with jaundice over that for the patient without jaundice 


This is also true of patients from whom stones are removed from the common bile 
duct. 

experience with elderly patients has led me to regard operations on them with 
as little fear as on younger persons, provided the patients in question have been 
active until the onset of their illness. 


= 
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I recently dismissed a patient 84 years of age. I had removed several stones from 
the common and hepatic duct and drained the gall bladder. She was jaundiced prior 
to operation and the operative risk was considered high. However, she had an 
uneventful convalescence. 


This factor of operative risk has to be considered for patients who have a history 


of cardiac disease and for those who have had coronary thrombosis three or four 
months previously. My colleagues, Brumm and Willius,’® in the study of 257 cases 
of coronary disease in which operation was performed, reported a mortality rate cf 
4.3% *' from cardiac causes. This seems low in the circumstances, yet it must be 


remembered that this rate is several times that for similar operations on patients 
without such a history. The crux of the matter, I think, is the ability of the patient 
to be active without evidences of cardiac insufficiency. Patients who have been up 
and around and able to carry on their activities, both work and recreation, without 
too much cardiac embarrassment, are likely to recover from the operation without 
cardiac complications. Of course, in such cases operation is advised only because 
of severe symptoms of disease of the biliary tract. 


Certain Operations for Benign Lesions of the Biliary Tract, Year 1952: 
With and Without Jaundice 


Total With Jaundice Without Jaundice 
> , om. in - ‘ a “- » Ree “ee 
Opera- Deaths, Opera- Deaths, Opera- Deaths, 
tions %G * tions %* tions %* 


Cholecystectomy ’ 0.8 141 2. ‘ 06 
Oholecystostomy 29 13.8 13 ; 18.7 
Oholedocholithotomy 134 3.3 102 4 2 1.2 
Choledochostomy Secnnecnenayae 253 0.8 78 Pe 6 1.1 


* Hospital deaths. 


Postoperative Complications.—Complications following surgical procedures on 
the biliary tract usually result from incomplete operations in which common duct 
stones are overlooked, obstructing lesions in and around the ampulla of Vater or 
the sphincter of Oddi are not recognized, or association of pancreatitis or hepatitis 
with an inflammatory lesion in the biliary tract is overlooked. Additional complica- 
tions follow injuries affecting the blood supply to the liver, usually to the right 
hepatic artery, and injuries to the common and hepatic bile ducts. Injuries of these 
structures should not occur. They are usually due to inaccurate exposure of the 
common and hepatic bile ducts and the hepatic artery and its branches. Injuries 
to these structures are usually the result of failure of the surgeon and his assistant 
to understand that cholecystectomy should not be performed until the common and 
hepatic ducts and the hepatic artery and its branches are identified and the relation- 
ship of the common bile and the cystic ducts to each other is determined. This can 
be done by having the first assistant stretch the portion of the hepaticoduodenal 
ligament which contains the common duct between the middle and forefingers of 
his left hand. Then a Deaver retractor is introduced against the liver mesial to the 
gall bladder, and the structures in the hepaticoduodenal ligament are exposed from 
the lower end of the common duct to the entrance of the common hepatic duct into 
the liver. 

The number of anomalies of the hepatic artery that exist is unbelievable. I am 
sure that I have not seen them all as yet. Anomalies of the extrahepatic bile ducts 
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are rarer. In a few instances I have seen enlarged right and left hepatic bile ducts 
that joined outside the liver, and recently I saw my first large accessory right 
hepatic duct which, interestingly enough, contained a gallstone.§ The abnormally 
located right hepatic duct lay directly in contact with the gall bladder and could 
have been easily injured if the principle of accurate identification of arteries and 
duct around the cystic and common ducts preparatory to cholecystectomy had not 
been followed (Figs. 1 and 2). 

Stricture.—This perhaps is as good a place as any to give some over-all observa- 
tions which I have made in the study of approximately 325 patients with strictures 
of the common and hepatic bile ducts on whom I| have operated since 1924. Follow 


Accessory 
rt. hepatic duct 
\ 


Fig. 1—Anomalous accessory right hepatic duct with gallstone and stone in the common 
duct. At operation the gall bladder was in contact with this duct. 


up studies in these cases have been made from time to time and the reports pub- 
lished || the last being data presented on 297 such operations performed up to 
January 1, 1953.'° From this study I have learned much. 

1. In cases of suspected stricture of the common bile duct, it is practically always 
possible to improve the patient’s condition. This is true no matter how many pre- 
vious operations for repair of the stricture have been performed and whether they 
were temporarily successful or entirely unsuccessful. Relief of the recurring jaundice 
may be achieved by anastomosis of extrahepatic bile ducts above the stricture to 
the intestine or by external hepaticostomy. 

2. With increasing experience in the treatment of strictures, it is possible to 
dissect out a larger percentage of ducts above the stricture than previously. When 

|| References 17 and 18. 

§ Small accessory ducts lying adjacent to the gall bladder in the gall-bladder fossa are not 
uncommon. 
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necessary, the unstrictured portion of the duct can be coned out from the liver 
parenchyma to anastomose either the duodenum or, in exceptional cases, the 
jejunum. Likewise, with increasing experience, a greater number of ducts below 
the stricture can be identified and dissected out for end-to-end anastomosis of the 
two ends of the duct beyond the stricture. 

3. It makes little difference whether one uses a T-tube or an indwelling catheter 
in cases of ductal anastomosis, provided the tube or catheter is kept in for a sufficient 
period (usually six to nine months) to prevent contraction at the anastomosis. I 
have used the T-tube to insure immediate and adequate bile drainage from the liver 


Fig. 2.—Postoperative cholangiogram showing the accessory anoma'ous right hepatic duct. 


when the length of hepatic duct remaining for anastomosis to the intestine was 


very short, when there were stones in the intrahepatic duct together with infection 
and marked degree of jaundice, and when the patients had marked hepatitis or 
cirrhosis. The T-tubes provide relief of the biliary obstruction and yet splint the 
anastomosis. Then, too, after removal of the tube, healing of that portion of the 
anastomosis through which the external portion of the T-tube has projected does 
not seem to increase the incidence of recurring stricture of the duct at the anasto- 
mosis. This applies particularly to those cases in which the hepatic duct was anasto- 
mosed to the duodenum. When sufficient duct has remained for an end-to-end anasto- 
mosis, use of the temporarily indwelling catheter with two-thirds of its length 
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extending into the duodenum, as recommended by McArthur, and the T-tube has 
been followed by equally good results. The catheter is maintained in place by a 
long nonabsorbable surgical (silk) suture passed through it and attached to a 
button on the abdominal wall. Otherwise, intestinal peristalsis will pull the catheter 
out of the anastomosis. 


4. In cases in which biliary intestinal anastomoses have been made to give relief 


from stricture of the bile ducts, symptoms of recurring pain in the right upper 


quadrant of the abdomen (with or without jaundice), chills, or fever are the result 
of varying degrees of obstruction at the anastomosis. Cholangitis is not the result 
of reflux from the duodenum through the anastomosis into the biliary tract. 

5. The postoperative care of the jaundiced patient, with attention to the physio- 
logic needs of the patient, is as important as the methods used in preoperative 
preparation. 

What of the risk of operation for the jaundiced patient who has biliary obstruc 
tion due to stricture? Regardless of the degree of jaundice present, | have found 
that satisfactory results can be obtained with a reasonably low risk, provided 
hepatic decompensation with ascites is not present. In many cases of varying 
degrees of cirrhosis, enlargement of the liver, and jaundice, together with rather 
extensive collateral circulation in the gastrocolic omentum, | have been able to 
expose the hepaticoduodenal ligament without too much bleeding, regardless of 
the collateral circulation in the omentum, by dissecting close to the liver. The 
patients have survived their operations, usually have been relieved of the jaundice, 
and have improved function of the liver. In some of these cases, it has taken me an 
hour or more to stop the bleeding from the innumerable branches of these collateral 
veins before being able to attack the problem of the extrahepatic biliary obstruction. 
When patients with stricture also have hepatic decompensation, even though the 
extrahepatic biliary obstruction is relieved at operation, the patient is likely to die 
of hepatic insufficiency in the weeks that follow operation 

When accurate duct-to-duct or duct-to-duodenum anastomosis has been carried 
out, 75 to 80% of patients have attained excellent results. The risk of operation 
has averaged 5%. 


Time does not permit a detailed discussion of the postoperative complications 
that may occur in the jaundiced patients nor of the successful procedures that have 
been employed for relief. However, I should like to present one case as an example 


of one of the complications which may occur. 


The patient had had cholecystostomy in 1946 and cholecystectomy in February, 1952. He 
was well 11 months after the latter. Then he noticed itching, dark urine, pale stools, and that 
his eyes were yellow. Thereafter, he had intermittent jaundice and lost 6 Ib. (3 kg.) in three 
months. 

The patient came to the clinic in April, 1953. His condition was diagnosed as incomplete 
stricture of the common duct, and a choledochoduodenostomy was performed over Mayo 
Sullivan tube on April 25. On May 9, it was necessary to incise and drain bile from the pelvis 
He was dismissed from the hospital on May 28. In the next week, temperature varied between 
99 and 101 F., and then purulent drainage began from the lower angle of the wound. A right 
subdiaphragmatic abscess was incised and drained. The incision healed, and the patient returned 


home in three weeks. 
Another complication which may occur is bleeding. The introduction and use 
of vitamin K in jaundiced patients have reduced the incidence of postoperative 
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bleeding to an almost minimal degree, except in cases in which branches of the 
hepatic artery have been injured in the course of operations on the bile ducts. On 
a few occasions, I have found ligatures in the wall of the right hepatic artery in the 
course of operations for strictures of the common bile duct. It seems obvious in 
these cases that injury of the duct had probably occurred at the time of the repair 
of the injury to the right hepatic artery. 

One of my most interesting cases of this type was that of a man on whom I resutured a right 
hepatic artery injured at the previous operation when the common duct was injured and per- 
formed double hepaticoduodenostomy for the repair of his stricture.!® Severe intra-abdominal 
hemorrhage ocurred from the artery eight days after operation, necessitating disruption of the 
double hepaticoduodenostomy with control of the bleeding from the artery by suture and forceps 
application. The opening in the duodenum was closed and the ends of the duct were left open 
The curved hemostats on the right hepatic artery were removed 72 hours later, without further 
bleeding, and spontaneous biliary intestinal anastomosis established itself in 30 days 


| have seen the spontaneous development of biliointestinal communications in 
other cases. Marvin and | * have reported several. However, it was necessary to 
reoperate in many of these cases later to relieve recurring biliary obstruction, but 
at this later time the jaundice had lessened and the condition of the patient had so 
greatly improved that sufficient time could be taken to find the stump of duct 
beyond the stricture and anastomose it accurately to the intestine. 

Biliary Dyskinesia.—What are the problems that exist in the treatment of pain 
from lesions of the biliary tract or in the relief of attacks of pain in the right upper 


quadrant that simulate the pain of such lesions? I am referring to that group of 


conditions called by some physicians the “postcholecystectomy syndrome” and by 
others “biliary dyskinesia.” I have seen many of these patients and, without excep- 
tion, have advised exploration of the common bile duct when attacks of pain are 
severe and have been increasing in frequency and severity. I do this because most 
of these patients have lesions which are demonstrable at operation. The lesions 
consist most frequently of overlooked or recurring stones in the common or hepatic 
bile ducts, an elongated cystic duct, or pancreatitis. In some cases a remnant of 
infected gall bladder remains. In a few cases perforating duodenal ulcers on the 
posterior wall cause symptoms which simulate those of biliary colic, even to the 
extent of producing mild degrees of jaundice. These symptoms are due to inflam- 
mation in the head of the pancreas which in turn compresses the pancreatic portion 
of the common bile duct. It is difficult for the roentgenologist to demonstrate such 
duodenal lesions unless the crater of the ulcer is seen, In most cases of pancreatitis 
which I have seen and been able to identify at operation, there has been either a 
thickening and enlargement of the head of the pancreas or the pancreas has con- 
tracted in length, has become small and circular, and has resembled a piece of rope 
more than normal, flattened, soft, irregular tissue. Then there are cases of idiopathic 
biliary dyskinesia in which the common bile duct may or may not be enlarged and 
in which in the absence of a stone in the common duct or pancreatitis the assumption 
is that the patient’s attacks of pain are the result of spasm of the sphincter of Oddi. 

Unfortunately, prior to operation, there is no way to determine the cause of the 
attacks of pain, for common duct stones rarely show themselves on roentgenologic 
examination of the right upper quadrant of the abdomen. I have been told by one 
of my colleagues in the section of roentgenology that there is now a new dye which 
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is excreted in the bile in such concentration that a fair image of the common bile 
duct is obtained roentgenographically. | have had no personal experience with the 
use of this dye in any case. 

Without doubt, spasm of the sphincter of Oddi occurs in certain cases of biliary 
dyskinesia and its relief by transduodenal sphincterotomy seems a worthy surgical 
procedure. | have used this procedure in a few cases but without entirely complete 
success from the standpoint of relief of the patient’s pain. In one case in which | 
used a short T-tube, postoperative roentgenologic visualization of the extrahepatic 
bile ducts gave evidence of narrowing of the duct above the sphincter, probably 
from the pancreas. When the common bile duct has been enlarged in such a case 
and when common duct stones were not present, I have done lateral choledocho 
duodenostomy with varying degrees of success. In some of the cases I have left a 
Mayo-Sullivan rubber tube in the anastomosis. | have maintained it in position with 
a silk suture passed through it and carried to the outside of the abdomen where it 
was fastened to a button. This enabled me to determine that pain following opera 
tion, should any occur, was not due to an increase in intraductal pressure because 
of possible occlusion of the anastomosis, for with the Mayo-Sullivan tube in place, 
bile passed through and around it into the duodenum. 

Kenneth Starr, of Sydney, Australia, in a Mayo Foundation lecture, advocated 
sphincterotomy with catheterization and dilatation of the pancreatic duct at its 
entrance into the ampulla as a means of relieving attacks of pain after cholecystec- 
tomy. Ina series of cases he found stenosis of the pancreatic duct at its entrance into 
the ampulla of Vater. When the opening was dilated forcibly, dilatation of the pancre 
atic duct with retention of pancreatic fluid behind it could be demonstrated. Such pro- 
cedures were followed in most cases by relief of the attacks of pain. In my own 
experience, it has been difficult to identify the opening of the duct of Wirsung even 
when the interior of the ampulla was exposed well. 


I have no particular suggestions to make as to a further solution of this prob 


lem. I doubt if resection of the head of the pancreas with reimplantation of the 
head of the pancreas into the intestine is the answer, for then an operation of 
considerable magnitude is used in cases with uncertain diagnosis and, | fear, with 
uncertain results. Moreover, I think that whether sphincterotomy, choledochoduo- 
denostomy, or both, are the solution to the problem will not be determined until 
a sufficient number of these operations have been performed and results have been 
studied for a long period. In some cases in which both choledochoduodenostomy 
and sphincterotomy have failed to relieve attacks of pain, injection of the splanchnic 
nerves with procaine hydrochloride and in some cases cutting the splanchnic nerves 
have been followed by surprisingly good results. Unfortunately this does not occur 
in every case. The explanation for these varying results probably is that the causes 
of the attacks of pain are variable, and some undoubtedly are the abdominal mani- 
festations of psychoneurosis. In the absence of common duct stones, spasm of the 
duodenum or the sphincter of Oddi, or pancreatitis may cause the pain. To deter- 
mine which one is responsible will require accurate diagnostic methods in each 
case. Methods for use in suspected cases of pancreatitis are not yet accurate enough 
to be diagnostic. 

At present, then, our program is to advise exploration of the common bile duct 
in such cases in the hope that a cystic, common, or hepatic duct stone will be found. 
If there is uncertainty concerning the presence of pancreatitis and if the common 
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bile duct is enlarged, a lateral anastomosis is made between the common duct and 
the duodenum. In some cases a piece of rubber catheter of the Mayo-Sullivan type 
is kept in the anastomosis for a time. Use of this procedure depends on the size of 
the duct. If the common duct is large, the splint is not used. When it is small, trans- 
duodenal sphincterotomy is done and an attempt is made to identify the pancreatic 
duct and catheterize it if possible. In my early cases I used long T-tubes of the 
Cattell type after sphincterotomy. The long arm of these was extended through 
the sphincter and ampulla into the duodenum. In two cases in which such T-tubes 
were allowed to remain for more than three months the patients continued to have 
attacks of pain. These probably were the result of partial obstruction of the exit 
of the pancreatic duct into the ampulla. At any rate, pain was relieved after removal 
of the T-tube. Recently, | have used shorter T-tubes which extend only about an 
inch into the duct. These have permitted study of the function of the common duct, 
particularly its lower end. If attacks of pain occur while the T-tube is in place and 
spasmodic contraction of the sphincter is prevented by sphincterotomy, the pain 
obviously is not due to an increase in intraductal pressure. On the other hand, the 
long tube extending through the incised sphincter of Oddi may prevent it from 
scarring down, which otherwise might occur, and may possibly produce the biliary 
stasis that the operation is aimed to prevent. 

Malignant Disease of the Bile Ducts.—No discussion of complicated lesions of 
the biliary tract is complete without some comment on malignant disease of the bile 
ducts. Fortunately such lesions are not common. When they occur, they are situated 
more frequently in and around the ampulla and papilla of Vater than at either of 
the bifurcations of the extrahepatic duct system. When a lesion involves the lower 
part of the duct, and is large, it is readily palpable at operation. 

On two occasions I have identified an ampullary lesion by scraping the region 
with a scoop to obtain small pieces of tissue which on microscopic examination 
showed papillary carcinoma. In most cases, however, such specimens cannot be 
obtained and it is necessary to open the duodenum to ascertain the presence or 
absence of papillary carcinoma. Landry and I reported several such cases.*' It is 
frequently advisable if jaundice has been or is present, therefore, to open the duo- 
denum in cases in which the common duct has been obstructed and at operation is 
found to be enlarged and no explanation is found for the obstruction. By this 
procedure it is possible to ascertain that an early ampullary or periampullary lesion 
is not present. If no lesion is found at the ampulla, sphincterotomy can be done if 
advisable. If findings indicate pancreatitis or narrowing of the duct above the 
sphincter, lateral choledochoduodenostomy can be performed. The treatment for 


ampullary lesions is, of course, radical resection of the Whipple type. 


The possibility of a papillary lesion of one of the intrahepatic ducts was recently 
called to my mind by a patient on whom I operated. 


The patient, a woman, 79 years of age, had had pernicious anemia and combined degeneration 
for many years. About eight months before registration at the clinic several attacks of chills and 
occasional vomiting occurred without jaundice. Then she had a shaking chill and fever of 103 F., 
with vomiting, prostration, and generalized abdominal pain. Examination disclosed hepatomegaly 
and splenomegaly. 

Laboratory examination at the clinic revealed 64 units of amylase, 1.4 mg. of direct-reacting 
and 0.5 mg. of indirect-reacting bilirubin per 100 cc. of serum. Blood cultures were negative. 
The cholecystogram disclosed a nonfunctioning gall bladder, and results of a second roentgeno- 
logic examination of the gall bladder were indeterminate. Cholecystectomy and choledochostomy 
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were performed for papillary adenocarcinoma confi sed to the left hepatic duct. The intraductal 
portion of the lesion was scraped awzy. Ihe postoperative course was uneventful, and the post- 
operative cholangiogram showed norma: conditions. The patient was dismissed in three weeks 


The postoperative cholangiogram (Fig. 3) showed no evidence of the neoplasm. 
The infiltrating type of lesion in this vicinity, however, can be recognized only by 
the unexplained narrowing of the duct. Some time ago | operated on such a patient. 
Recognizing the possibility that the narrowing in the left hepatic duct could be 
due to an infiltrating carcinoma of the wall of the duct, I placed the upper part of 
the T-tube through it and allowed it to remain for several months. The patient then 
became jaundiced. The T-tube was removed in the hope that the clinical diagnosis 


Fig. 3. Postoperative cholangiogram showing seemingly normal left hepatic duct after 
removal of intraductal portion of a papillary carcinoma. 


of neoplasm might be in error, that the lesion was an inflammatory one and the 
T-tube might be partially occluding the duct. Unfortunately, jaundice deepened. 


An inoperable carcinoma of the common and hepatic ducts was found at explora- 


tion. This type of lesion is, in my opinion, inoperable. 
The difficulty of determining whether such intrahepatic ductal narrowing is 
inflammatory or malignant is further evidenced by the next case. 


A woman, aged 47 years, first had distress when she was 11 years of age. When 16 years 
old she had attacks of fullness and bloating and severe steady pain in the midepigastrium 
extending to the back. In 1931 cholecystectomy was performed elsewhere for gallstones. T-tube 
drainage was carried out for one month, and bile drained copiously for one month after removal 


of the T-tube. From time to time the patient had fullness in the epigastrium. From 1946 to 1952 
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attacks occurred every two months, then every three weeks. Aching of the entire body, fullness 
of the abdomen, chills, fever to 102 F., vomiting, and jaundice would last two to three days. Dur- 
ing attacks she had pruritus, light stools, and dark urine. She did not lose weight. A diagnosis 
of choledocholithiasis and stricture of the common duct was made at the clinic in 1952, and 
operation revealed dilatation of the common duct and stricture of the right and left hepatic ducts. 
Intrahepaticolithotomy, choledocholithotomy, and double choledochostomy were carried out. 
A large T-tube was placed in the left hepatic duct and a smaller one in the right hepatic duct. 
It was planned to leave the T-tubes in for one year. The patient was well for about 15 months. 
The larger tube became plugged and was partially opened. She returned to the clinic and both 
tubes were found to be plugged. The larger tube was removed, and four days later the smaller 
one was removed also. 


The intraductal narrowing in this case, of course, may have been the result of 
the neoplasm, but the history of bile drainage following cholecystectomy and the 
presence of the common and hepatic duct stones seems to indicate a good chance 
that the lesion was inflammatory. 

I did a double hepaticoduodenostomy for a stricture of the common bile duct on a woman who 
had had cholecystectomy elsewhere two months previously. After the hepaticoduodenostomies, 
bile continued to drain from the wound. ‘Three weeks later there was a tender swelling in the 
right upper quadrant of the abdomen with generalized abdominal tenderness and pain. This was 
due to an abscess in the abdominal wall, which was drained. Four months later she returned to 
the clinic because of steady crampy nonradiating pain in the left lower part of the abdomen, with 
belching and bloating. An indefinite mass was palpable in the right upper quadrant. At explora- 
tion diffuse abdominal carcinomatosis was found with multiple regions of incomplete intestinal 
obstruction. A specimen from the omentum showed scirrhous adenocarcinoma, the origin of 
which had probably been in the pancreas with extension into the common bile duct, and this was 
the origin of biliary obs‘ruction. 


I have discussed briefly the problems associated with the diagnosis and treat- 
ment of malignant lesions of the extrahepatic bile ducts. With the exception of 
those in and around the ampulla for which surgical removal can be carried out in 
most cases with relief of jaundice and with prolongation of life, malignant lesions 
of the bile ducts seldom lend themselves to excision. Temporizing procedures, such 
as draining the ducts above the obstruction, then, are usually about al! that can be 
offered to the patient. Even these are worth while, since they relieve the jaundice 


and the intolerable itching that frequently accompanies it. 


COM MENT 


[ should like to express my thanks again for the invitation to present the 25th 
Arthur Dean Bevan Lecture before you this evening. I was elated when I received 
your invitation to present a surgical lecture in memory of my first professor of 
surgery and one of my most interesting teachers, Arthur Dean Bevan, who, with 
his many brilliant colleagues at Rush Medical College and Presbyterian Hospital, 
did so much for hundreds of men embarking on careers in medicine and surgery. 
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INTESTINAL ANTISEPSIS WITH OXYTETRACYCLINE (TERRAMYCIN) 
AND NEOMYCIN 


A Comparative Study 


WILLIAM G. ANLYAN, M.D. 
DERYL HART, M.D. 


NICHOLAS G. GEORGIADE, M.D. 
AND 
MARY A. POSTON, M.A. 
DURHAM, N. C. 


ie HAS been of interest during the past two years to compare the effectiveness 
of 


oxytetracycline (Terramycin) and neomycin in the preoperative preparation 
of the colon and rectum. 

The late Dr. John Lockwood ' emphasized that in intestinal surgery chemo- 
therapy of any type was secondary in importance to a good anastomosis on a decom 
pressed bowel with a good blood supply. Poth * has shown that there is a much 
improved quality of healing of large bowel anastomoses performed in dogs after 
the preoperative use of intestinal antiseptics. 


5 


Dearing and Needham * and others * have reported on the effect of oxytetra- 
cycline on the intestinal bacterial flora of patients, with special reference to the 
preoperative use of oxytetracyline. Poth and his associates | have reported on the 
effectiveness of neomycin alone and of neomycin combined with phthalylsulfathiazole 
in the intestinal antisepsis of patients prior to operation. These studies were con- 
ducted on 51 surgical patients with uncomplicated neoplasms of the colon and rectum 
in order to compare the effectiveness of oxytetracycline and neomycin in various 
doses. 
MATERIALS AND METHODS 
Twenty-two patients received oxytetracycline, 500 mg. q. 6 h. for 48 to 54 hours, and seven 
patients received oxytetracycline, 750 mg. q. 6 h. for 48 to 54 hours. Twenty-two other patients 
were treated with neomycin; of these, 10 received neomycin 1 gm. q.4.h. for 72 hours, and 12 
received neomycin 2 gm. q. 4 h. for 48 hours. One patient received neomycin 2 gm. q. 4 h. for 10 
days, owing to the postponement of operation, without ill effects except for slight nausea. 
When the decision for operative intervention was made, in addition to the initiation of antibi 
otic therapy, each patient was given a regimen consisting of (1) a low-residue liquid diet; (2) 
sodium phosphate, 30 ce. q. d., and (3) enemas twice a day. 
Cultures were done on a premedication stool specimen and from a piece of intestinal mucosa 
from the operative specimen. 
tendinitis 
Terramycin was supplied by Charies Pfizer & Company, Inc., Brooklyn 6. 
Neomycin was supplied by Commercial Solvents Corporation, New York 17. 
From the Departments of Surgery and Bacteriology, Duke University School of Medicine. 
* References 4 and 5. 


+ References 6 and 7. 
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ANLYAN ET AL.—INTESTINAL ANTISEPSIS 


\ loopful of feces or a piece of mucosa was streaked on the surface of blood agar and eosin- 
methylene blue agar plates. A tube of thioglycollate medium was also inoculated with the speci- 
men for the growth of anaerobic organisms 

After 24 hours’ incubation, the plates were examined, and the different types of colonies were 
noted. Smears of each type of colony were made and stained by Gram’s method. The organisms 
were identified by the usual methods. A smear was made from the broth culture and also stained 
by Gram’s method. If Gram-positive rods were present in the broth culture, meat and milk 
media were inoculated for the further identification of the clostridia group of organisms. Anae 


robic streptococci were identified by their inability to grow under aerobic conditions 


RESULTS 


Oxytetracycline, 0.5 gm. every 6 hours for 48 to 54 hours ( Fig. 1), produced 
a marked decrease in the bacterial count of the intestine; however, there was a 
persistence of the spectrum of organisms in the majority of cases 

Of 20 patients, 9 still had positive cultures for Escherichia coli. The incidence 
of positive cultures of Streptococcus faecalis was also unchanged. The incidence and 
type of positive cultures were not markedly benefitted by increasing the dose of 
oxytetracycline to 750 mg. every 6 hours for 48 to 54 hours. 

In contrast, neomycin 1 gm. every four hours for 72 hours and neomycin 2 gm. 
every 4 hours for 48 hours produced a drastic reduction in the bacterial count of 


the intestinal contents and eliminated the majority of the bacteria from the spectrum 


found preoperatively (Figs. 3 and 4). 
The growth of E. coli and streptococcal organisms was totally inhibited by the 
neomycin; there did not appear to be any advantage in using 2 gm. every four 


hours over 1 gm. every four hours. 


COMMENT 


It is of interest that in this study oxytetracycline, 750 mg. every six hours as 
recommended by Dearing and Needham, was ineffective in reducing the spectrum 
of the colonic flora. 

Neomycin, on the other hand, in doses of 1 gm. every 4 hours for 72 hours, 
appeared to reduce drastically the colonic flora. The side-effects consisted of frequent 
loose stools in all 22 cases, nausea without vomiting in 11 cases, and vomiting in 
1 case in which the patient received the drug for 10 days. There was no prolonga- 
tion of the prothrombin time of three patients receiving neomycin, including the 
patient whose therapy was continued for 10 days. In general, the side-effects of 
neomycin, 1 gm. every four hours, were similar to those of oxytetracycline, 750 mg. 
every six hours, as judged by the various members of the surgical staff. 

Neomycin appears to approach closely the properties of the ideal intestinal 
antiseptic listed by Poth, 1. e., low toxicity, broad bacterial spectrum, rapid activity, 
permits adequate food and fluid intake, and aids in mechanical cleansing of the 
bowel without causing dehydration. 

In these studies, neomycin 1 gm. every four hours appeared to inhibit the 
growth of Aerobacter aerogenes, and therefore it was not deemed necessary to 
combine neomycin with a sulfonamide. Open anastomosis of the large bowel may 
therefore be carried out safely with minimal risk of seeding the peritoneal cavity 
with bacteria present in the usual large intestine. Neomycin is currently the intes 
tinal antiseptic of choice in this hospital in the preoperative preparation of the 


large bowel. 
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CONCLUSIONS 


1. Oxytetracycline (Terramycin) in doses up to 750 mg. every 6 hours for 48 
hours appears to reduce the intestinal bacterial count without any marked change 
in the floral spectrum. 


2. Neomycin in doses of 1 gm. every 6 hours for 72 hours or 2 gm. every 4 


hours for 48 hours appears to inhibit the growth of almost all bacterial flora of 


the intestine ; it appears to be a safe and satisfactory drug in the preoperative anti- 


sepsis of the colon and rectum. 

3. Neomycin is currently the drug of choice for intestinal antisepsis. The bac- 
terial inhibition is more complete than with oxytetracycline ; the side-effects of the 
drug are essentially similar to those produced by oxytetracycline. 
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CLINICAL TRIALS OF A NEW PLASTIC DRESSING FOR BURNS 
AND SURGICAL WOUNDS 


DANIEL S. J. CHOY, M.D. 
DAYTON, 0. 


.. A PREVIOUS paper,' Choy and Wendt reported the development of a 
rapidly sprayable, transparent, film-forming polyvinyl plastic dressing * for the 
mass therapy of burns in disaster situations such as atomic blast 

Among the advantages which made it particularly suited for the mass therapy 
of burns when it was dispensed from an aerosol bomb were (1) a marked saving of 


time over conventional pressure dressings in application (Fig. 1); (2) the feasi 


bility of its use by relatively untrained personnel; (3) applicability to parts of the 


body poorly adapted to pressure dressings; (4) transparency, allowing frequent 
inspection of the burned area without removal of the dressing; (5) flexibility, 
allowing relatively unrestricted early exercise of burned hands and digits without 


loss of integrity of the dressing; (6) impermeability to bacteria; (7) minimal 
TABLE 1.—Results of Patch Tests with Aeroplast on 1,05 


Reactions After 24 Hr After 48 Hr 


0.. 


1,047 149 
+ ‘ 


‘ 
l 


+ 


€ 


of positive reactions *. 
* Including + reactions 


storage problems, including the elimination of the necessity for periodic resterili 
zation; (8) moderate bacteriostasis (Fig. 2); (9) the absence of tourniquet effect 
on limbs and restriction of respiration when applied to the abdomen or thorax, 
and (10) portability and feasibility of use under adverse conditions in the field 


In preliminary experiments with animals and human beings, it was found that 
experimental burns healed successfully under the plastic (Aeroplast) dressing ; 
there was no systemic or local toxicity,' and there was no evidence of sensitivity 

———E 

Former Captain, Medical Corps, United States Air Force, Aero Medical Laboratory, 

Wright-Patterson Air Force Base, Ohio 

Aeroplast 1s prepared by the \croplast Corporation, $20 Dellrose Ave., Dayton, O 
under the trade name “Aeroplast,” and is available through standard pharmaceutical channels as 
an ethical product. Composition: Aeroplast contains copolymers of hydroxyvinyl chloride 
acetate and sebacic acid, 9.3% by weight, and modified maleic rosin ester, 3.1% by weight, in 
an ethyl acetate-acetone solvent, with a fluoro-chloro hydrocarbon as a gaseous propellant. Aero 


plast has been approved by the United States Food and Drug Administration 
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(Table 1). Comparative wound healing studies revealed no difference in healing 
rates between wounds dressed with Aeroplast and control wounds dressed with 
petrolatum (Vaseline) gauze.* 


METHODS 


Clinical trials of the Aeroplast were conducted on The Third Surgical Division, Bellevue 
Hospital,t New York. 

All wounds were treated in accordance with usual surgical practice. The Aeroplast was 
then applied by either (a) spraying from an aerosol bomb or a spray gun operated by a portable 


=| © 
aN A” 1 DOCTOR 
‘A 


1 NURSE 


+ 
Cf ‘e C4. 24% LBS. OINTMENT 
i + 


SD 120 YDS. BANDAGE 


+ 
bd 
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4 AEROSOL BOMBS 


MINUTES 


Fig. 1—Comparison of treatment of 50% body burn by A, standard pressure bandage and B, 
plastic-spray dressing. (Data was derived from tests on mannikins.) (Reprinted with permission 
from the United States Armed Forces Medical Journal.) 
air compressor, or (b) direct painting onto the lesion with a 2 by 2 in. piece of gauze on straight 
forceps or an applicator stick. In all cases, a one to two inch margin of normal skin was included 
in the dressing. Color photographs were taken before and after application of the dressing and 
serially during wound healing. Clinical observations were made daily, and the Aeroplast dressing 
changed as necessary by simply peeling it off as a sheet and reapplying. 

— 
+ Under the sponsorship and direction of Dr. John Mulholland, Chief, The Third Surgical 
Division, Bellevue Hospital, New York 
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Fig. 2.—Agar plates, A 
aeruginosa; C, 


, streaked with Staphylococcus aureus; B 
seeded with an aerobic 
sprayed on top half of plate 
Note inhibition of growth on top half of all plates 24 hours later 
from the United States Armed Forces Medical 


, seeded with Pseudomonas 
vulgaris. Plastic film was 

after 24 hours incubation 
(Reprinted with permission 


spore former and Proteus 
A within two hours and on plates B and ( 


Journal. ) 
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Serial liver profile, renal function, and hematological studies were contemplated to further 
confirm the results of previous animal experiments demonstrating the nontoxicity of the Aero- 
plast dressing. These, however, were soon abandoned because of the prevalence in our series 
of patients of acute alcoholism, Laennec’s cirrhosis, malnutrition and pulmonary tuberculosis. 

It was decided to include a wide variety of surgical wounds other than burns in order to 
determine the precise areas of efficacy and the limitations of the Aeroplast. 


RESULTS 


A total of 50 patients were treated; of these 11 had burns, from first to third 
degree ; 8 had skin graft donor sites, which were regarded as second degree burn 
equivalents, and 31 had other types of surgical lesions, including operative wounds, 
lacerations of hands, neck, face and scalp, open reductions of fractures, decubiti, 
granulating wounds and colostomies. 


TasL_e 2.—Skin Graft Donor Sites 


Healing Time 
Case No Primary Diagnosis (Days) Infection 
Third degree burn 18 No 
Stasis uleers, left leg 13 No 
Stasis uleers, right leg pulmonary 10 No 
tuberculosis, active; ehronie aleo after 
holism \eroplast; 
incomplete 
healing, 
76 days 
prior to 
\eroplast 
Gangrene, right buttock and serotum; 9 
malnutrition; severe chronic aleoholism 


Paraplegia; skin defect, left foot, 12 
secondary to extravasated infusion 


Third degree burn; Korsakoff's 
psychosis 


Chronie aleoholism; traumatie ul- 
ceration, left leg 


Malnutrition stasis ulcers, left leg 


SKIN GRAFT DONOR SITES 

Of the eight skin graft donor sites treated, all healed without infection in 
average of 11 days (Table 2). 

Because of fluid collection underneath the dressing, m Case 1, E. J. (Fig. 3), 
two changes of dressing were required, and in Cases 2, F. F., and 3, W. H., one 
change of dressing each was required. The remaining five skin graft donor sites 
reepithelized under the single, original dressing. 

Case 3.—-W. H. was a chronic alcoholic with active pulmonary tuberculosis and stasis ulcers 
of the right. lower leg. A split-thickness skin graft was taken from the inner aspect of the left 
thigh. After 76 days, the donor site, treated first with petrolatum gauze and subsequently with 
the open air exposure method, was approximately 70% nonepithelized because of repeated 
infection with Pseudomonas aeruginosa and breakdown of the new epithelium. The Aeroplast 
dressing was then tried, successfully, with complete epithelization 10 days later. 


BURNS 

Of the 11 burns treated, five were infected with P. aeruginosa; of these, three 
were infected prior to and two were infected subsequent to the application of 
Aeroplast. Two patients were lost to follow-up examination. The three outstand- 
ing observations made were (1) the Aeroplast could be applied very quickly; 
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(2) in first and second degree burns there was pronounced subjective relief of 


- 


pain (after the initial sharp “stinging” sensation wore off with evaporation of the 


ethyl acetate solvent ; this usually lasted 30 to 45 seconds), and (3) the transparency 
of the Aeroplast permitted early detection of infection. 

Case 1.—The patient, F. J., was a 22-year-old Negro man admitted July 4, 1952, for first, 
second and third degree burns of the right thigh and leg sustained when a fire rocket entered his 
trouser leg. The first and second degree burns healed in four to seven days with open air 
exposure. The third degree burn measuring 9 by 8 cm. was grafted on July 30. There was an 
incomplete take (approximately 75%), with a superimposed P. aeruginosa infection under the 


pressure dressing. The lesion was exposed for 24 hours before he was first seen by me. The 


Aeroplast dressing was applied on August 7 and changed once on August 8 because of moderate 


fluid accumulation underneath. The P. aeruginosa infection subsided, no other dressings were 


required, and the burn epithelized completely on August 18. 


Fig. 3 (Case 1, E. J.).—A, skin graft donor site, seven days after operation. #8, skin graft 
Note partial return of pigmentation 


donor site with aeroplast dressing, 14 days after operation 
18 days after operation 


visible through transparent dressing. C, skin graft donor site, healed 


Case 2.—The patient, C. B., was a 24-year-old Negro man admitted Aug. 21, 1952, for a 


second degree friction burn of the entire dorsal surface of the left forearm, sustained in an 


automobile accident (Fig. 4). He first received surgical attention 12 hours after the injury, at 


which time the burn was débrided and dressed with petrolatum gauze This was removed on 


August 22 and Aeroplast ap lied. Between this time and September 2 the dressing was changed 
I | ] 
no turther 


twice because of a low-grade P. aeruginosa infection. On September 2, there was 
evidence of infection, and evidence of healing appeared with the return of pigmentation in scat 
tered areas. The burn was completely epithelized by Sept. 8, 1952 

Case 3.—The patient, C. B., was a 3l-year-old white man admitted Aug. 23, 1952, for second 
degree circumferential burns of the digits and dorsum ef both hands and second and third 
degree burns of the entire left lower leg except for the plantar surface of the foot, sustained in 


a gasoline fire. The Aeroplast dressing was applied with marked subjective relief from pain 


The patient was encouraged to use his hands, and did so so vigorously that the dressing over the 
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finger pads and web spaces had to be “mended” daily by being painted over with plastic as 
breaks developed. On the third hospital day, the blisters over the fingers, hands and left foot 
and ankle were excised and the Aeroplast reapplied. A second change of dressing was done on 
August 29. On Sept. 2, 1952, both hands were completely epithelized with full function. How- 
ever, the burn on the leg became infected with P. aeruginosa, the Aeroplast was removed, and 
the burn successively treated with acetic acid soaks, open exposure, antibiotics and physiotherapy. 
On September 29, the burn had healed sufficiently to warrant discharge of the patient. 


Case 4.—The patient, E. W., was a 54-year-old white man admitted August 15, with a diag- 
nosis of active pulmonary tuberculosis and a 3 by 4 cm. third degree burn of the right ankle, 
sustained on Aug. 1, 1952, On application of nitrofurazone (Furacin) and saline dressings, the 
burn became grossly infected with P. aeruginosa. Application of Aeroplast dressings was started 
on August 25. Until September 4, the Aeroplast was changed every 2 to 3 days with soap, 
peroxide and saline preparation. The P. aeruginosa infection remained stationary; new epi- 
thelium 0.5 to 1.0 cm. wide grew in from the margins, and there were healthy granulations. On 
September 4, it was decided to change to acetic acid soaks. By September 9, the lesion was 
completely epithelized. 


Case 5.—The patient, J. H., was a 4l-year-old Negro man admitted Aug. 12, 1952, for first 
and second degree flash burns of the face, neck, upper trunk, volar surfaces of both arms, right 
forearm and right palm, sustained while tending a furnace. Ninety per cent of the burned area 
consisted of first degree burns. All the burns, except those on the face, were sprayed with 
Aeroplast. There was almost immediate subjective relief of pain in the sprayed areas; the burns 


lig. 4 (Case 2, C. B.).—A, second degree burn, dorsum of left forearm. 8, second degree 
burn with Aeroplast dressing. 


on the face remained painful. The first degree burns were asymptomatic at the end of 24 hours. 
The second degree burns were completely epitheiized by August 18, there having been no 
difference in healing time between those treated with exposure and those treated with Aero- 
plast. 


Case 6.—The patient, M. W., was a 29-year-old Negro man admitted from another hospital 


Sept, 2, 1952, to the prison ward for a deep laceration involving the joint capsule and a deep 


second degree friction burn of the left shoulder measuring 14 by 17 cm. and two second degree 
friction burns of the left wrist and dorsal surface of the left forearm measuring 10 by 4 cm. and 
15 by 6 cm. respectively. These injuries were sustained in a stolen truck on August 30. The 
patient was first seen by us on September 3, four days after the injury, at which time the shoulder 
lesion was clean and the forearm lesions were grossly infected with P. aeruginosa. The petro- 
latum gauze dressings were replaced with Aeroplast; this was changed every three days. On 
September 11, the patient was transferred to prison. At this time the P. aeruginosa infection 
of the forearm lesions had neither improved nor progressed; the shoulder lesion was 50% healed, 
with zones of reepithelization 1.0 to 4.0 cm. wide. 

Case 7.—The patient, G. D., was a 38-year-old white waitress first seen in the outpatient 
department Sept. 11, 1952, with circular second degree burns on all fingers and the dorsum of 
the left hand, sustained through immersion in boiling water (Fig. 5). Aeroplast was applied 


within 30 minutes with no débridement, the blisters were excised on the third day and Aeroplast 
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was reapplied. The patient was given a small supply of Aeroplast and instructed to “touch up” 
any cracks that developed. She was seen every other day, and at no time was there evidence of 
infection. The Aeroplast was changed again on September 19. On September 23, there was 
complete healing with full function. Throughout this period she continued working as a waitress, 
using her injured hand, although she was advised to keep the hand protected 

Case 8.—The patient, B. S., was a 36-year-old white man admitted Sept. 12, 1952, with a 
first, second and third degree burn involving the posterior surface of the distal half of the left 
arm, the elbow, and the left forearm. This was sustained in a freak accident in which the 
patient was waiting for a traffic light with his arm on the window sill of his car when a gas 


explosion occurred in an open man hole. Aeroplast -was applied with dramatic relief of pain 


On the second hospital day, however, the patient signed out to seek private care 


Fig. 5 (Case 7, G. D.) 1, second degree burn of left hand with Aeroplast dressing. Note 
blister formation. 8, same burn after excision of blisters and application of Aeroplast. ( 
burn with complete reepithelization 12 days after burn, D 


as an entire “Glove.” 


Same 
, note removal of Aeroplast dressing 


Case 9.—The patient, M. B., was a 42-year-old white man seen in the OPD Sept. 17, 1952, 


with first degree flash burns of the posterior aspect ot the neck and both sh uldet (a vest 


distribution) sustained in a rubber cement fire. The patient complained bitterly of pain until the 


Aeroplast was applied. The patient was instructed to return the following day but failed to di 


Case 10.—The patient, G. A., was an 11-year-old girl first seen in the cut patient depart 


ment, Sept. 24, 1952, with second degree burns of the dorsal aspects of the third, fourth and fifth 


fingers of the right hand, sustained four days previously in a frying-pan fire. When she was 


seen, the blisters had ruptured, and Aeroplast was applied without débridement 


25 


On September 
25, the blisters were excised, and Aeroplast was reapplied. No other 


dressings were required 
and healing was complete, without infection by Oct. 1, 1952 
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TABLE 3,—Surgical Wounds Treated with Aeroplast 


Wound Number 
Appendectomy 
Laparotomy 
Cholecystectomy 
Herniorrhaphy 
Open reduction of fracture.. 
Kirschner wire fixation.. 
Incision and drainage of abscess.. 
Laceration 
Uleer, skin.. 
Gastrostomy and ileostomy, 
Saphenous vein ligation.... 
Stasis dermatitis 


Total 


Taste 4.—Results of Surgical Lesions Treated with Aeroplast 


Healing Time 
Case No Se re Primary Wound (Days) Infeetion 
Appendectomy No 
Appendectomy } No 
Appendectomy f No 
Appendectomy;: pregnancy, 5 mo } No 
Exploratory laparotomy No 
Exploratory laparotomy No 
Cholecystectomy 7 No 
Cholecystectomy f No 
Herniorrhaphy, bilateral No 
Herniorrhaphy, bilateral Right 7; No 
left dehisced 

on first 

postopera 

tive day 
Herniorrhaphy 
Herniorrhaphy 
Herniorrhaphy 
Smith-Petersen intramedullary nail 

ing of hip 

Open reduction, left femur 
Open reduction, left radius and ulna 


I & D of large abscesses, both 
buttocks 


1 & D of earbunele, left temporal 
scalp, required stamp graft 
aceration, left hand 
aceration, left hand 


aceration, face, 10 em. long 


L 
L 
Laceration, neck, 15 em. long 
L 
I 


Yecubitus uleer, 7 K 5 em 2x lem 
in 30 days 

Traumatic ulcer, left foot, 7 * 3 em 16 
Stasis ulcer, right heel, 20 « 15 em No healing 
Stasis dermatitis, both lower legs No healing 
Excoriated abdomen from ileostomy l 
Excoriated abdomen from gastrostomy 1 
Bilateral saphenous vein ligation 5 
Kirsehner wire fixation, supracondylar 

fracture, right femur 
Kirschner wire fixation, transverse 

fracture, right tibia and fibula 
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Case 11—The patient, A. B., was a 22-year-old white nurse who sustained first and second 
degree burns of the dorsal aspects of the third and fourth fingers, and the distal half of the 
dorsum of the left hand. Aeroplast was applied, with relief of pain. No change of dressing was 
required, and complete healing occurred five days later. 


OTHER SURGICAL WOUNDS 


The Aeroplast dressing was successfully used on a wide variety of surgical 


wounds (Table 3). The results of treatment are summarized in Table 4. In most 


cases, one dressing applied in the operating room was sufficient until the sutures 


were removed. The advantages of the window effect of transparency, and the 


Fig. 6 (Case 22, F. L.).—Laceration of face with Aeroplast dressing. 


elimination of dressing changes in most of these cases, proved not unacceptable 


to the hard working staff. The Aeroplast was excellent for lacerations of the 


scalp, face (Fig. 6), neck and hands, areas which are poorly suited to gauze and 


adhesive tape dressings. Perhaps the most dramatic application of the Aeroplast 


was its use on an abdominal wall markedly excoriated by 


an ileostomy (Case 27, 
Ls Seg 


there was almost immediate subjective relief of discomfort, and 24 hours 
later there was an 80% clearing of the excoriations (Fig. 7). It was used with 
moderate success on one decubitus ulcer (Case 23, N. C.) and with marked success 


on a traumatic ulcer (Case 24, A. W.) (Fig. 8). Its use on open reductions of 
fractures made feasible the application of skintight plaster casts, since the bulk 


of the usual gauze dressings was eliminated. The sites of emergence of Kirschner 


wires from skin are often subject to low-grade infections. The use of Aeroplast in 


4) 
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two cases (Cases 30, H. M., and 31, J. W.) sealed off these areas effectively for 
three and four weeks respectively. The absence of infection in these two cases 


must be attributed at least in part to the Aeroplast. One wound infection (Case 11, 


LL. B.) was encountered, Four cases warrant comment. 

Case 11.—The patient, L. B., was a 64-year-old white man with an indirect left inguinal 
hernia. A herniorrhaphy performed on Sept. 3, 1952, was dressed with Aeroplast on the first 
postoperative day. On the fifth postoperative day, the wound was observed to be infected and 
5 to 7 cc. of dark red blood was aspirated from the inferior end of the wound. The Aeroplast 


Fig. 7 (Case 27, L. S.).—A, ileostomy with excoriated surrounding skin. B, ileostomy, 24 
hours after application of Aeroplast. 


Fig. 8 (Case 24, A. W.).»—Traumatic ulcer treated with Aeroplast. Complete epithelization 
16 days posttrauma 


was replaced with a gauze dressing and administration of antibiotics begun. The wound healed 
completely on the seventeenth postoperative day after the infection gradually subsided. 

Case 25.—The patient, W. H., was a 42-year-old white man with a !arge stasis ulcer of the 
right heel measuring 20 by 15 cm. Concurrent diagnoses were pulmonary tuberculosis, active ; 
chronic alcoholism; Laennec’s cirrhosis, and malnutrition. After a skin graft failed to take, the 
Aeroplast dressing was applied on September 26, 1952, After 10 days, it was obvious there was 
no progression of healing. The use of Aeroplast was therefore discontinued. 

Case 26.—The patient, A. C., was a 65-year-old white woman with diabetes and a severe 
weeping stasis dermatitis of both lower legs. It was decided to attempt to prevent a breakdown 
of the skin by protecting the legs with Aeroplast. The use of Aeroplast was discontinued after 
two days because of excessive accumulation of fluid underneath the dressing 
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Case 29.—The patient, M. G., was a 45-year-old white woman with the diagnoses of psychosis, 
manic-depressive type; obesity, severe, and varicose veins. A bilateral saphenous vein ligation 
was performed on Sept. 4, 1952. Postoperatively the wounds were macerated by (1) a pendulous 
abdomen and pubic hairs abrading the upper thighs and (2) urinary incontinence. On the 
second postoperative day, the macerated wounds were treated with Aeroplast to exclude the 
urine. Gauze and adhesive plaster were applied over the Aeroplast to protect the plastic dressing 
against mechanical trauma from the pendulous abdomen. Under this regimen, the wounds healed 
in five days, and the macerated areas gradually returned to normal after 12 days 


COMMENT 


The Aeroplast, originally designed as an emergency, initial local dressing for the 
mass treatment of thermal burns pending (1) the mobilization of existing medical 
resources and (2) the evacuation of these burn casualties to centers for definitive 
therapy, must, in the light of clinical trials described in the foregoing material, be 
regarded as a new type of general surgical dressing with certain advantages and 
certain limitations. The evidence indicates that the essentials of a good surgical 
dressing are met: (1) no retardation of wound healing, (2) ability to maintain the 
sterility of a clean wound, (3) ease of application and removal, (4) transparency. 

The chief drawback of the Aeroplast proved to be the 30 to 45-second period 
of sharp stinging felt when the dressing was applied to a raw area. The stinging 
sensation was of the order of magnitude of the burning caused by sodium ethyl 
mercurithiosalicylate (Merthiolate) or alcohol. It was felt that the following con 
siderations tend to minimize the importance of this undesirable characteristic: 
1. The Aeroplast does not cause stinging in first and third degree burns or in 
granulating wounds. 2. The burning sensation lasts only 30 to 45 seconds and is 


no worse than that caused by standard antiseptics such as sodium ethylmercuri 


thiosalicylate and alcohol. 3. All surgical wounds can be dressed while the patient 


is still under anesthetic. 4. The problem of burning is trivial in relation to the 
time and personnel saving advantages of the Aeroplast in the treatment of burn 
casualties of disaster proportions. 

Use of the Aeroplast as an initial temporary dressing to prevent further wound 
contamination opens channels of use in front line battalion aid stations, in bomber 
aircraft on extended missions over hostile territory, in airfield crash ambulances 
and in military and civilian rescue operations following atomic attack 

Use of the Aeroplast as a definitive dressing for surgical wounds affords the 
advantages previously described. 

SUMMARY 


A discussion of a new type of general surgical dressing ( Aeroplast ), utilizing a 
modified polyvinyl plastic dispensed from an aerosol bomb, is presented 

The results of two months of clinical trials with the Aeroplast are presented. 

The advantages and limitations and the possible uses of the Aeroplast dressing 
are discussed. 


Help was given by the House Staff and Technical Sergeant James Edwards, United States 
Air Force, was of invaluable assistance 
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TREATMENT OF SURGICAL SHOCK WITH ARTERENOL 


R. E. FREMONT, M.D., F.A.C.P. 
N. M. LUGER, M.D. 
S. N. SURKS, M.D. 
AND 
A. KLEINMAN, M.D. 
BROOKLYN 


k ALL the objective criteria of the status of a patient in shock, the level of the 

arterial blood pressure is by far the most commonly used in estimating the clini- 
cal state and prognosis. This is reasonable, since the level of arterial tension is one 
of the major factors in the delivery of nutrient blood to the various organ systems. 
Hypotension of sufficient severity and duration is fatal. Thus all measures which will 
restore the blood pressure to normal have potential therapeutic usefulness. In most 
instances of surgical shock the restoration of fluid volume by use of electrolytes, 
plasma, blood, or colloids is adequate for the correction of the shock state. However, 
there is a significant group of patients in whom the response to infusion is slow in 
appearing or does not appear at all. Additional methods of treatment are necessary 
in this group and the most logical of these is the use of pressor drugs. 

Although this principle is obvious, most of the standard works on surgery and 
shock dismiss the use of pressor drugs with a few lines about their ineffectiveness. 
Our interest in this problem was occasioned by two events. 

The first was a report by Goldenberg and his associates ' describing the physio- 
logic action of /-arterenol (/-nor-epinephrine, Levophed) in man. This group showed 
that /-arterenol causes a rise in blood pressure, both systolic and diastolic, by effecting 
an over-all increase in peripheral resistance without any direct cardiodynamic action. 
epinephrine, on the other hand, causes an increase of the systolic blood pressure 


mainly by stimulating the heart rate and the strength of systolic ejection. It causes a 


slight drop of the diastolic blood pressure and an over-all diminution of the peripheral 


resistance. In addition, these authors showed that the action of /-arterenol is short- 
lived and easily controlled when the drug is used in constant intravenous infusion. It 
would seem that this drug has many characteristics desirable for the treatment of 
hypotension, and in a later publication Goldenberg and his associates * described 
its use in combating the hypotension associated with sympathectomy and mentioned 
its use also in a few instances of hemorrhagic shock. 
st ella 
From the Medical and Surgical Services of Halloran and Brooklyn Veterans Administra 
tion Hospitals 
Sponsored by the Veterans Administration and published with approval of the Chief Medical 
Director. The statements and conclusions published by the authors are a result of their own 


study and do not necessarily reflect the opinion or policy of the Veterans Administration. 
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The second event was our experience in treating an aged patient with a perfor- 
ated gastric ulcer. This case has been reported in detail elsewhere,’ but because of 
its importance it will be reviewed briefly here. 


F. F., a 73-year-old white man, was admitted to the hospital with a four-day history of epi 
gastric distress which had become increasingly severe 24 hours previously (Fig. 1). The 
patient was in profound shock, with absent pulse and blood pressure, cold clammy skin, slight 
cyanosis, and poorly audible heart sounds. His abdomen was tympanitic, and fluid was present 
X-ray studies showed free air in the peritoneal space \ diagnosis of perforated viscus was 
established, but the surgeons felt that intervention would be fatal because of the patient's poor 
condition 

\ntishock therapy consisting of 500 cc. of whole blood, 500 cc. of plasma, 1,000 ce. of 5% 
dextrose in saline, and 200 cc. of dextrose in distilled water did not appreciably affect his gen 
eral state, and /-arterenol* was then administered. The response was prompt and dramatic 


Operation was performed, and the patient made an uneventful recovery 
This case speaks for itself. The patient appeared doomed prior to treatment 


The amount of blood and plasma given may have been inadequate to combat the 
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shock, but because of the patient's age and unknown cardiovascular status we were 
fearful of overtransfusing. Nevertheless, without any further transfusion of blood 
or plasma, /-arterenol sufficed to bring him out of shock. Whenever the drug was 
discontinued, his blood pressure dropped sharply and the signs of shock reappeared 
In other words, fluid replacement which in itself was inadequate became adequate 
with /-arterenol. It enabled the surgeons to perform a needed operation that would 
have been otherwise impossible. 

Because of the dramatic response of this case, we decided to investigate further 
the usefulness of this drug in the treatment of shock of different etiologies. Thus 


far, we have given treatment in 22 cases of surgical and in 10 cases of neurological 


interest, the latter to be reported separately.* 


The groups reported here consist ot 
six cases of shock associated with an acute surgical abdominal condition, 12 cases 
a 

*Generous supplies of /-arterenol (Levophed) were obtained through the courtesy of 


Winthrop-Stearns, Inc.. New York 18 
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of shock occurring during or after major operative procedures and associated in 
3 instances with considerable blood loss, and, finally, 4 cases of severe hemorrhagic 


sl i0ck, 


I, SHOCK ASSOCIATED WITH ACUTE SURGICAL ABDOMINAL CONDITIONS 
The group of patients belonging to this category present a type of shock that 
defies simple classification on the basis of pathogenesis. Multiple factors appear to 
be responsible,’ i. e., widespread vasodilation and possible cardiac damage as a 
result of the toxemia and infection and some reduction of the blood and plasma 
volume. These cases were therefore grouped according to the clinical picture 
(Table 1). 


TasLe 1.—Data on the Use of Arterenol in Six Patients with Shock 


Associated with Acute Surgical Abdomen 


Duration 
Primary of 
Cause of Arterenol 
Primary Cause Degree of Shock Infusion, Type of Surgical 
Patient ‘ of Shock Shock Removed Hr Outcome Treatment 


F.F 7% Perforation of gastric Severe Yes 37 Recovery Definitive 
uleer 
Strangulating volvulus Severe Yes 48 Recovery Definitive 
of colon 
Perforation of appendix Severe No : Temporary None; died 4 
with peritonitis recovery days laterin 
coma 


Esophagoperitoneal fis- } y Death Exploratory 
tula with peritonitis luparatomy 
and mediastinitis 

Mesenteric thrombosis : Death Exploratory 
with paralytic ileus laparatomy 

Multiple small bowel Death None; primary 


perforation cause unrecog- 
nized 


The case cited above belongs in this group. our other cases are appended to 


this report. A sixth case is described here because of the light it shed on the mecha 


nism of the treatment. 


J. W., a 58-year-old emaciated white man with far-advanced rheumatoid arthritis of long 
duration and chronic osteomyelitis, complained of abdominal pain early in the morning of July 
21, 1950. A diagnosis of a strangulating lesion of the bowel was made, but surgery could not be 
performed because he was in deep shock. Blood pressure and pulse were unobtainable; heart 
tones were hardly audible, and the heart rate as determined by electrocardiograms was 160 beats 
a minute, His skin was cold and wet. Administration of /-arterenol was started and this was 
combined with blood transfusion. Sufficient improvement took place so that operation was now 
possible. A large volvulus of the cecum, ascending and proximal half of the transverse colon was 
found, and this whole segment of gangrenous bowel was resected. His condition improved after 


surgery, and after 40 hours the /-arterenol was discontinued. 


Large quantities of /-arterenol at first gave a measurable response (Chart 2), but it was far 
from satisfactory. /-Arterenol was then combined with rapid transfusion and a better response 
was obtained. That this was not due to the transfusion alone was shown by the fall in blood 
pressure when the drug was discontinued. When the /-arterenol was administered again, the 
pressure rose and was maintained at a good level. Despite the second transfusion the blood 
pressure fell again when /-arterenol was discontinued. Thereafter, both blood and /-arterenol 
were used concurrently, and the patient had so improved that an extensive operation was suc- 


cessfully performed 
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In all probability /-arterenol was not very effective at first because of great diminution in the 
circulating blood volume. A large quantity of fluid, probably not less than 2,000 ml., was lost 
into the lumen and into the edematous wall of the destroyed bowel. When fluid was given, the 
patient became more responsive to /-arterenol 

l-Arterenol causes a rise in intra-arterial tension by causing vasoconstriction. In doing this it 
contracts the venous as well as the arterial bed; consequently, the venous return as well as the 
arterial resistance is increased. 

This patient had a second episode of shock for no apparent reason six days after the first epi- 
sode. His response this time was again gratifying (Chart 3). It was possible to discontinue the 
l-arterenol after 21 hours of therapy. Again, transfusion alone did not correct the hypoten- 
sive state 


The outlook for this group of patients is generally considered poor when the 


condition remains untreated. In the two patients already cited, definitive surgery 


was performed and the patients recovered. It is not likely that these patients would 


Tasie 2.—Data on the Use of Arterenol in Twelve Patients with Surgical Shock 


Av. Dura 
Marked tion of 
Blood Time of Levophed 
Loss Decree of Onset of Infusion, 
Patient Operative Procedure Present Shock Shock 
Pneumonectomy Yes Mild Operative 


Repair of perforated sigmoid No Moderate Operative 
and colostomy 


Lobeetomy and thoracoplasty No Severe Operative 
Lobectomy Yes Severe Postop 


Lobectomy and segmental No Mild Operative 
resection 


Hleotransverse colostomy No Moderate Postop 
Hleostomy repair No Mild Operative 
Cutaneous ureterostomy No Severe Operative 
A. R ¢ Prostatectomy Probable Severe Postop 
MeM ‘ Repair of perforated reetum No Moderate Operative 
2. Moderate 2. Postop 
S. K Abdom. perineal resection No Moderate Operative 
P.Q lleotransverse colostomy No Severe Postop 


have come to laparotomy without /-arterenol treatment, and they most certainly 
would have died. 

Two patients died after surgery. One (W. H.) had uncontrolled peritonitis and 
mediastinitis from a perforation of the esophagus. The other (S, G.) was operated 
on for what was thought to be mesenteric thrombosis. This was not found, and 
autopsy failed to disclose any cause of the shock or death. In each case the treat- 
ment of shock was so satisfactory that necessary surgical procedures were attempted 
which could not otherwise have been done. 

Of the two remaining patients, one (W. A. I.) with shock from generalized 
peritonitis recovered from his episode of shock but died four days later, probably 
from sepsis or fluid accumulation. The other (C. W. W.) had multiple small bowel 
perforation of unknown cause which followed closure of a perforation of the sigmoid. 
This condition was not amenable to current therapy and the patient died. 


II. OPERATIVE AND POSTOPERATIVE SHOCK 
In the 12 cases making up this particular group, moderate to severe shock 
developed in the course of or subsequent to extensive thoracic and abdominal opera 
tions. In three of the patients the state of shock was actually mild, but because of 
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the generally poor risk they represented and the extensive surgery to be carried 
out administration of /-arterenol was started early. Table 2 summarizes the most 
important data on the 12 cases of this group. A few illustrative case abstracts appear 
in the appendix. 

Shock occurring during and after surgery may be due to hemorrhage, anes 
thesia, or the traumatic effect of the operative procedure. The role of hemorrhage 
will be discussed with the subsequent group of cases. Anesthesia causes shock most 
frequently through the predominant vasodepressor action of most anesthetic agents 
Vasopressor substances such as phenylephrine have therefore gained considerable 
favor among anesthesiologists. We agree, however, with those* who considet 
l-arterenol superior to phenylephrine by virture of greater potency, easier control 
lability, and a more physiologic mechanism of its action. 
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Traumatic effects are particularly common in abdominal surgery, where they 
are usually due to traction on viscera,¥ and in intrathoracic surgery, where pleural 
pressure changes, mediastinal shift, or manipulation of the hilum may lead to 
shock.° 

As regards the incidence of these factors in this second group of patients, anes 
thesia did not appear responsible for the shock encountered. Hemorrhage was a 
definite factor in two patients (V. C. and R. K.) and a probable one in another 
(P. J. R.). Adequate replacement of the blood loss did not abolish the state of 
shock in these patients, but the additional use of /-arterenol did. 

Surgical trauma was probably responsible for the shock present in the remaining 
nine cases. Again, the pressor increment provided by the addition of l-arterenol to 
blood transfusion appeared very striking in the majority of the cases. Whenever 


cr 
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attempts were made to stop the /-arterenol infusion for the purpose of comparative 
observation, these patients would again show a drop of the blood pressure to shock 
levels. This occurred although a blood transfusion was in progress or was started 
promptly. Only the readministration of l-arterenol would raise the blood pressure 
to and keep it at normal levels (Chart 4). 


III. HEMORRHAGIC SHOCK 
The third group of patients present a variety of shock in which the use of a 
vasopressor is at present generally regarded as not only useless but even contra- 
indicated. We have ourselves been very hesitant to use /-arterenol, but, confronted 
with a desperate situation, we proceeded with its use in one patient as a last resort. 


220 


Patient. MG. 
210 


BLOOD PRESSURE 


WwW 
a 
2 
" 
” 
Ww 
i 
a 
{o) 
° 
° 
4 
a 


PLASMA 


$00 CC 


FLOW STOPPED 


| 
Jo 


etisi ti sul 
Eee es 
v 0 wo ~ @ 


PM AM 
Ist DAY 2nd DAY 


NOR- EPINEPHRINE 


Vd N =- N ” 





Chart 5 


M. G 
hemorrhage, transfusions were given. Two weeks later he started to bleed at the operative site. 
The bleeding continued for about 17 hours, during which time all attempts to cross match his 
blood with that of compatible donors failed. Because all available blood in the local area was 
incompatible, samples of his blood were sent to a central blood bank in New York City. During 
the time consumed by this procedure, the patient went into shock despite attempts to maintain 
him with infusions of plasma (Chart 5). At this time, with no b. od available, the patient, 
whose normal tension was approximately 200/120, had a blood pressure of 105/60 and was stu- 
porous and nonresponsive. His skin was cold and clammy, his eyes rolled up, and he appeared 
to be dying. When /-arterenol was administered, a very prompt rise in blood pressure occurred, 
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and with this change in blood pressure his clinical state appeared to improve markedly. He was 
maintained in good condition for two and one-half hours, at which time compatible blood arrived 
and he was given a transfusion. Five and one-half hours after /-arterenol was started, it was 
possible to discontinue the infusion, and the patient made a relatively uneventful recovery from 


this illness 


We observed two other cases of hemorrhagic shock with an equally striking 
response. In one patient (L. P., 19721) uncontrollable hemorrhage developed when 
adhesions about a carcinoma of the kidney were cut. The area was packed with 
oxidized cellulose, and further operation was abandoned. His severe shock was 
abolished successfully only after /-arterenol was added to the blood transfusions. 


The other patient bled profusely from a carcinoma of the stomach previously 


explored and found inoperable. He was brought out of shock and was enabled to 
undergo another prolonged operation with the aid of /-arterenol 

These cases taught us that patients in severe advanced hemorrhagic shock can 
exhibit a satisfactory pressor response to /-arterenol. This may be sufficient to tide 
them over until blood is available (Patient M. G.). It may also make possible 
surgical intervention which is indicated but cannot be undertaken unless the state 
of shock is removed (Patient P. S.). In all such cases treatment with /-arterenol 
constitutes part of a planned therapeutic program. 

We wish to emphasize that /-arterenol must not be expected to abolish advanced 
hemorrhagic shock if the course of bleeding cannot be detected and eradicated. 
This was demonstrated to us most vividly in a young patient with massive bleeding 
from a peptic ulcer. The decision to operate was not made sufficiently early, and 
the patient died in spite of the administration of 13 pt. (6% liters) of blood and 
the addition of /-arterenol. The latter was used as a last resort to make surgery 
possible. 

The mechanism of the continued existence of shock in hemorrhagic patients is 
obscure. Actually most patients with hemorrhage respond satisfactorily to trans 
fusion. There is, however, a small number of patients in whom peripheral circulatory 
failure progresses in spite of the replacement of the lost blood volume. It is beyond 
the scope of this paper to discuss the possible mechanisms involved. Suffice it to 
emphasize the general inapplicability of experimental work done on animals to the 
problem of shock in man, since it is extremely rare to find human beings subjected 
to the extreme measures employed in animals except during war or catastrophes. 


GENERAL OBSERVATION AND COMMENT 


Most of the standard texts dismiss the use of pressor agents in the treatment of 
shock or generally deprecate their use as unphysiologic. There is little validity to 
this contention, since studies of drug action on normal animals and humans cannot 
be transferred to shock patients. For example, a drug such as /-arterenol which in 
the normal human at normal intra-arterial pressures diminishes cerebral blood flow * 
cannot be said to do the same in a patient with markedly subnormal intra-arterial 
tension. Actually, the patient’s improved mental status suggests that there is an 
improvement in the circulation. This improvement is a phenomenon observed with 
regularity. Similarly, although the total renal blood flow may be diminished in the 
normal human when given /-arterenol,*® the constant increase in urine flow indicates 
that in the shocked human the increase in blood pressure resulted from /-arterenol 
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administration results in improved perfusion of the kidney. Similar reasoning applies 


to the coronary circulation { where perfusion is so dependent on the aortic diastolic 
pressure. 

When the clinical response of these patients as a group is viewed, several gen- 
eralizations can be made. It can be readily observed that with the return of the 
blood pressure to normal the patient emerges from the symptom complex which 
characterizes clinical shock. The skin becomes drier and warmer, alertness returns, 
the pulse tends to slow, heart sounds become stronger, and the oliguria which is a 
constant concomitant of shock is replaced by an adequate urine flow. 

The dramatic response of these patients is dependent upon the continuation of 
the infusion. Merely stopping it causes the reappearance of the hypotension and its 
satellite phenomena. 

It is apparent, then, that the clinical manifestations of the shock state are directly 
dependent upon the level of intra-arterial tension. When this falls below normal, 
proper perfusion of tissues cannot occur, and the longer the resultant tissue anoxia 
lasts, the less likely is recovery. Thus it is our opinion that the use of /-arterenol to 
maintain a normal intra-arterial tension has an important place in the treatment of 
shock. It is worth while to note that not one of our patients has remained oliguric 
while undergoing treatment. This form of treatment, if properly applied, may pos- 
sibly prevent the development of “lower nephron nephrosis.”’ 

The dangers of the use of /-arterenol are inherent in the potent effect upon the 
peripheral resistance regardless of the cause of the shock, One is likely to be lulled 
into a false sense of security by the promptness of the clinical response. Thus, it is 
essential that the cause of the shock state be known and definitive therapy under 
taken as quickly as feasible. It is of special importance to rule out hemorrhage as 
the cause of shock. Lost blood must be replaced, and continued bleeding must be 
stopped. Otherwise the patient will exsanguinate while appearing to recover. 

Another possibility of danger to be considered is the use of 7-arterenol during 
cyclopropane anesthesia. Animal experiments have shown that /-arterenol may pro 
duce ventricular fibrillation during anesthesia with cyclopropane as readily as 
epinephrine. The clinical aspects of this problem are dealt with at length in a 
separate report.” Suffice it to state here that many of our patients have had cyclo- 
propane anesthesia and without any untoward effect. 


METHOD OF ADMINISTRATION 


We have found that 8 ml. of a 1: 1,000 solution of /-arterenol (that is, 8 mg. of 
l-arterenol in 1,000 ml. of isotonic sodium chloride or in 5% dextrose in distilled 
water) is safe and practicable. Blood or plasma may also be used. Where there is 
danger in administering large quantities of fluid, as in patients with diminished 
cardiac reserve or intracranial injuries, the concentration may be further increased 
to 16 and even 36 mg. of /-arterenol per 1,000 ml. of diluent. The blood pressure 
is observed carefully at 2 to 3 minute intervals until stabilization occurs, when 
readings are taken every 15 minutes. The rate of administration is easily checked 
by frequent counting of the drops per minute. 

EE 

¢t Wegria, R.; Ward, H.; Frank, C. W., and Dreyfuss, F.: Unpublished data, cited by 

Goldenberg and co-workers.? 
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Two signs have proved of value in following patients being treated with 
l-arterenol. One is the pulse and the other, the blood pressure. The pulse returns 
to more normal values. This may not be observed, however, in atropinized patients. 
The second sign is the ability of the patient to maintain his own blood pressure 
when the infusion is stopped for about 10 or 15 minutes. If the systolic pressure 
remains above 90, it may be possible to stop the infusion. 

Control of the administration is made easy by the fact that the blood pressure 
usually rises within a minute or so after the start of the /-arterenol infusion and 
drops within three minutes after the infusion is discontinued. The infusion with 
the drug may be kept up for many hours and even days. The only adverse reaction 
noted has been sloughing of skin, resulting from extensive soft tissue infiltration 
of the solution.'® Hence, careful attention to the infusion site or infusion through a 


catheter extending into the superior vena cava is advisable. 


SUMMARY AND CONCLUSIONS 


l-Arterenol was given in continuous intravenous infusion to 22 patients in shock 


of different causes. 

It was found of distinct value in cases of shock due to acute surgical abdominal 
conditions, in those with operative and postoperative shock, and in those with 
advanced hemorrhagic shock. It brough such patients out of shock when added to 
fluid replacement therapy which in itself had been ineffective 

The use of /-arterenol made it possible for some patients in profound shock to 
undergo extensive, and at times lifesaving, surgical procedures. 


The method of administration is described. The response of the blood pressure 


and of the pulse rate are considered the best guides to the efficacy of this drug 


It is essential that the cause of shock be discovered prior to or early in the course 


of treatment lest a hidden hemorrhage should result in a fatal outcome. 


APPENDIX 
SHOCK ASSOCIATED WITH ACUTE SURGICAL ABDOMINAL CONDITIONS 


W. A. IL. (No. 1327), a 48-year-old white man, was considered to have an appendiceal 
abscess and was treated conservatively with antibiotics, etc. On the third day the patient sud 
denly went into shock and it was thought that the abscess had ruptured into the peritoneal space 
He responded well to general supportive measures. On the sixth hospital day he suddenly went 
into shock again. Cortisone, 100 mg., was given I. M. Oxygen was administered in a tent and 
l-arterenol was started. On this regimen the blood pressure was maintained at normal levels 
\fter 14 hr. /-arterenol could be discontinued His general condition deteriorated, however, and 


he died of congestive heart failure on the 10th hospital day 


W. H. (No. 604), a 72-year-old white man, approximately 24 hr. after esophageal dilatation 
developed severe epigastric pain, a rigid abdomen, and rapidly advancing shock. A diagnosis of 
peritonitis was made, but operation was deferred because of the patient's profound shock and 
poor general condition. /-Arterenol infusion resulted in a prompt rise in blood pressure from 
70/0 to 135/110; his condition improved, and exploration could then be done. He was found to 
have diffuse peritonitis, but the visceral perforation could not be found. He was maintained on 
l-arterenol therapy for 26 hr., when pulmonary edema developed and he died. Autopsy disclosed 
a fistulous tract extending from the esophagus to the peritoneum and the mediastinum and result 


ing in generalized peritonitis and mediastinitis 
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». G. (No. 1292), a 53-year-old white man with arteriosclerosis of the cerebral and coronary 
vessels, was hospitalized for chronic care. On Aug. 31, 1950, he suffered severe epigastric pain. 
Electrocardiogram at that time was interpreted as showing only an old posterior wall myocar- 


dial infarction. That evening he passed small amounts of bright red blood per rectum and went 
into mild shock, for which he was treated with 1 unit of plasma and 500 cc. of blood. His condi- 
tion remained unchanged until five days later, when localized abdominal signs developed in the 
lower left quadrant, with generalized rebound tenderness. Surgery was considered impossible 
because of his poor condition. His blood pressure was 85/60; the following day, 70/30. /-Artere- 
nol was started (8y/cc.) at a rate of 25 to 35 drops a minute and continued until the next morn- 
ing. During this time his blood pressure rose from 90/60 to 122/70; his pulse rate was 80, and 
exploratory laparotomy now became possible. When the abdomen was entered, about 200 cc. of 
bloody fluid was found. The small bowel was distended up to the ileocecal valve. There were 
several areas of purplish discoloration of the ilium thought to be due to many small mesenteric 
thromboses. The patient's abdomen was closed without any further surgery being done. During 
this time his blood pressure was maintained between 100 and 110 systolic and 50 diastolic; pulse 
rate 80 to 90, while between 30 and 50 drops (8yY/cc.) a minute of /-arterenol was administered. 
Patient did well until 6:30 a. m., when his pulse rate and blood pressure suddenly became unob- 
tainable. There was no response to /-arterenol, and he died in 10 minutes. Postmortem examina- 
tion did not reveal any cause for shock or death 

C. W. W. (No. 19877), a 50-year-old white man, was operated on for a large intestinal 
obstruction on Sept. 29, 1950, at which time a perforation of the sigmoid colon with fibrinous 
peritonitis were found. The opening was closed and a transverse colostomy done. He continued, 
however, to show evidence of obstruction. On Oct. 6, 1950, at 9:00 a. m. he appeared dehydrated, 
weak, lethargic; his biood pressure was 60/40, pulse rate 160. It was felt that the patient had 
a “chronic fatigue” state due to peritonitis, obstruction, and electrolyte imbalance. He received 
2,000 ml. of isotonic sodium chloride solution and 500 ml. of blood without effect. He was then 
started on /-arterenol (4 mg. in 1,000 ml. of Ringer’s solution, 120 drops a minute), and in five 
minutes his blood pressure rose to 110/70 and his pulse rate dropped to 120. An electrocardio- 
gram was read as showing changes of hypopotassemia. This was corrected with Darrow’s solu- 
tion, as demonstrated by serial ECG’s. Attempts to discontinue the arterenol infusion led to a 
drop of the blood pressure to 70/40. In spite of the gradually increased flow of arterenol over a 
period of 8 hr. shock set in again. The patient died in spite of further increase of arterenol. 
Autopsy revealed multiple small bowel perforations. This explains the ultimate irreversibility 
of shock, 

OPERATIVE AND POSTOPETATIVE SHOCK 

J. C. (No, 19276), a 36-year-old white man, had a left pneumonectomy on Sept. 15, 1950, for 
cystic disease of the lung. During the operation, the patient developed shock due to extensive 
bleeding. Although he received 7 pt. (3% liters) of blood in continuous infusion, the blood 
pressure dropped from 120-140/65-100 to 80/60 and eventually to 60/40. /-Arterenol (4 mg. in 
1,000 ce. isotonic sodium chloride solution) was started, with prompt response of the blood pres- 
sure. In spite of continued use of blood, the blood pressure could not be properly maintained 
without /-arterenol, which was given at a rate of 20 drops a minute. It was discontinued five and 
one-half hours after the operation. 

Although in this instance shock may have been due mainly to the hemorrhage in the operative 
field, replacement of the lost blood did not appear adequate by itself to abolish the shock state. 
l-Arterenol seemed to possess a definite preventive and therapeutic effect. 

R. K. (No. 12897), a 30-year-old Negro, was subjected on May 12, 1950, to left upper lobec- 
tomy and thoracoplasty with removal of the first four ribs for cavitary tuberculosis (Chart 4). 
About 1 hour 40 minutes after the operation started, the blood pressure became unobtainable as 
the pleura was opened. The administration of 1,000 cc. of blood was able to raise it to 80/40 for 
only very short periods. Administration of /-arterenol led to a prompt rise of the blood pressure 
to, and maintenance at, about 120/90. It was given in continuous infusion throughout the rest of 
the operation and for 1 hour afterward. During this period he also received an additional 1,500 
cc. of blood. The total blood loss incidental to the operative procedure was estimated at 2,000 cc. 

E. R. (No. 19936), a 20-year-old white man, underwent laparotomy on Dec. 18, 1950, 
because of ileocecal ulceration with formation of fistulas. An ileotransverse colostomy with 
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resection of the ilium was done. He went into shock postoperatively; the skin was cold and 
clammy, the pulse rate 120, and the blood pressure 82/60. He had received 1,000 cc. of blood 
and 1,300 cc. of 5% dextrose in water during the operation. An additional 500 cc. of blood failed 
to change his condition. /-Arterenol was then administered (8 mg. in 1,000 cc.), with prompt 
rise of the blood pressure. When it was discontinued for a period of 10 minutes and another 
500 cc. of blood started, the blood pressure fell again to shock levels. When discontinued again 
about eight hours later, the blood pressure dropped to shock levels (74/38) in spite of the admin 
istration of another 500 cc. of blood. /-Arterenol was therefore restarted and maintained for 
two hours, when spontaneous control was established 


E. V. (No. 18299) a 31-year-old Negro, was subjected to decortication and segmental resec 
tion of the left upper lobe on Oct. 27, 1950. About 45 minutes after the uneventful operation the 
patient went into shock. His B. P. was unobtainable. An infusion of /-arterenol (8y/cc.) was 
started. Within.a few minutes his blood pressure rose to 110/78. This infusion was alternated 
with 2,000 cc. of whole blood for nine hours. Blood transfusion alone could not maintain the 
blood pressure It fell to 78/20, the pulse rate rose to 140, and the patient lapsed into semicon 
sciousness, Later the patient seemed able to maintain a normal blood pressure while 1,000 c« 
f blood was administered during the following three hours. His B. P. dropped again precipi 
tously to 76/56, and the pulse rate rose to 120, when patient was positioned for a chest film 


l-Arterenol promptly returned his B. P. to normal. It was continued for 25 minutes with the 
B. P. staying at 112-120/78-90. His further postoperative course was uneventful 

The shock proved to be related to a massive left hemothorax of which about 1,000 cc. drained 
through the chest catheters. The patient had received a total of 3,000 of blood and 200 cc. of 5% 


dextrose in distilled water in the first 16 hours postoperatively. However, only the addition of a 
total of 400 cc. of /-arterenol appeared to abolish the shock stat 

McM. (No. 7287), a 73-year-old white man, had an expl ratory laparotomy on Jan. 4, 
1951, and a perforation of the rectum was found with fecal soiling of the peritoneum. Shortly 
after the onset of the operation his B.P. fell to 85/60. Blood, 500 cc., administered rapidly 
brought the B.P. to 96/65, but it soon fell again to 80/60. /-Arterenol was started and the 


B. P. rose to 140/80. An additional 500 cc. of blood was given. /-Arterenol was stopped at the 


end of the operation. During the night the patient’s condition deteriorated slowly despite the 
administration of 500 cc. of blood and 2,000 cc. of 5% dextrose in distilled water. The B. P. fluc 
tuated between 80-100/60 and the pulse rate between 90 and 120. The urinary output was 175 e« 
for the first 16 postoperative hours. The oliguria was thought to be due to hypotension or a 
hemolytic reaction. /-Arterenol (4y/cc.) was then given for 49 hours. The B. P. stabilized at 
about 120/70 and the urinary output rose to 345 cc. in the first eight hours and 300 and 480 ce 
in subsequent eight-hour periods 

A. R. (No. 4541), a 69-year-old white man, was subjected to a transurethral prostatectomy 


on Aug. 7, 1950, and four and one-half hours postoperatively he became restless; his B. P. fell to 
70/40 and the pulse rate rose to 144. He was put in Trendelenburg position and given 500 cc. of 
blood and 600 cc. of dextrose in distilled water. He remained in shock during that night, and the 
following morning (14 hours after onset of shock) his B. P. was 60/40, pulse rate 124 


ary output nil. He had been given adequate doses of antibiotics and nikethamide 


, and urin 
ind was in an 
oxygen tent 

Electrocardiogram taken at this time showed T wave inversions in V 3- Che chest film 
showed hilar and basal congestion. Physical examination disclosed a patch of rales at the right 
lung base and an area of tenderness in the left calf with a positive Homan’s sig Phe 
ture was 100F., pulse rate 125, WBC 32,600 


tempera 


The cause of the shock was not clear. Because of the possibility of pulmonary embolism, 


heparin and bishydroxycoumarin were givet l-Arterenol was started (8 mg. in 1,000 cc. 5% 


dextrose in distilled water). The B. P. rose promptly from 70/50 to 104/64 Che arterenol 


infusion was continued throughout the morning and by 3:00 p. m. he had voided 600 cc. of urine 


After this, 1,000 cc. of blood and 1,000 cc. of dextrose in saline was given 


The following day the patient was definitely improved The electrocardiogram showed 
return of the T waves to normal Fluid and electrolyte balance were maintained, and 68 hours 
after the beginning of /-arterenol he regained spontaneous vasomotor control, and the medica 


tion was discontinued 
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The significant observations in this case were (1) the return of the urine flow following the 
elevation of the blood pressure, (2) the reversal of T wave changes in the electrocardiograms 
within 24 hours after the blood pressure was made normal, and (3) the prolonged period of 


treatment necessary (68 hours). 
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EXPERIMENTAL REPAIR OF URETERS BY POLYETHYLENE 
TUBING AND URETERAL AND VESSEL GRAFTS 


CREIGHTON A. HARDIN, M.D. 
KANSAS CITY, KAN. 


( CCASIONALLY the surgeon is confronted with the vexing problem of restor 
ing a gap in the ureter. If the defect is extensive, he must be content with a 


choice of either nephrectomy, cutaneous ureterostomy, uterosigmoidostomy, or 


ureteroureteral anastomosis.' A defect of the distal ureter near the bladder can be 
reconstructed by utilizing a full-thickness flap of bladder wall fashioned into a tube 

Kxperimentally, segments of the ureter have been successfully bridged by the 
substitution of a loop of terminal ileum.* The transplantation of dog ureters into 
the duodenum caused death from electrolyte imbalance.* Vitallium® and _ fascial 
transplants ® have been used as a direct method of reconstructing ureteral defects. 
Vitallium tubes are reported to be tolerated in the urinary tract of the dog for as 
long as nine months without causing encrustrations. [End-to-end anastomosis of the 
ureter over a straight Vitallium tube healed per primam in each instance. Free 
fascial grafts over a straight Vitallium tube with an attached holder were used to 
span ureteral defects. The flanged holder was necessary to prevent the migration 
of the tube. Whenever the tube migrated, a stricture formed in the fascial graft. 
Free peritoneal and bladder grafts failed in every experiment because of sloughing. 

The following experiments were undertaken in an attempt to expand the 
methods by which ureteral defects could be repaired. 


GENERAL OPERATIVE PROCEDURE 

Twenty-five mongrel dogs were operated on with the use of intravenous pentobarbital (Nem 
butal) sodium anesthesia. A left flank incision was used to expose the ureter transperitoneally 
in those experiments in which polyethylene substitution was done. These wounds were closed 
without drainage. A retroperitoneal approach to the lower one-third of the ureter was utilized 
in bridging surgical defects with homologous ureteral or vessel grafts. The operative field was 
drained except in those dogs having an internal splint catheter for drainage. Penicillin pro 
caine, 300,000 units daily, was given for one week after surgery. Contralateral nephrectomies 
were done from 5 to 14 days after ureteral substitution as a control method. | 


COMPLETE SUBSTITUTION OF THE URETER BY MEANS OF POLYETHYLENE TUBING 
Polyethylene tubing seemed to possess the ideal physical and chemical properties 
‘or a permanent ureteral prosthesis ‘ (Table 1). This plastic material has excellent 
tissue tolerance in its pure state, and is nonwetting.* Since polyethylene is inert, 
urinary encrustations should not form in the lumen of the tube. Polyethylene 
catheters used for constant urethral and ureteral drainage have received favorable 
clinical reports.'° 
a 
From the Department of Surgery, University of Kansas Medical Center 


* References 8 and 9 
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METHOD 


In six dogs the ureter was excised at the renal pelvis and bladder wall. The defect was 
bridged by means of polythylene tubing ranging in length from 15 to 19 cm. The internal 
diameter of these tubes varied from 0.86 to 1.67 mm. The ends of the polyethylene tubes were 
flanged by passing each end through an alcohol flame. A purse-string suture was placed in the 
wall of the renal pelvis and bladder to encompass the site of ureteral excision. The flanged ends 
of the tubing were then inserted; the purse-string sutures were tied, and the flanged ends of the 
tubes were withdrawn to engage the internal wall of the bladder and renal pelvis. 


TABLE 1.—Complete Substitution of the Ureter by Means of Polyethylene Tubing 


Contra- 
lateral 
Nephree- 
Internal tomy 
Length of Diameter After Sub- 
Tubing, of Tubing, stitution, Fate of 
Om. Mm. Days Animal Postmortem Findings 


1.40 12 Killed 21 days Moderate hydronephrosis, lumen 

patent 

Died 34 days Proximal stenosis pelvic site; distal 
migration of tubing, marked hydro- 
nephrosis 

Killed 43 days Moderate hydronephrosis, lumen 
patent 

Died 43 days Proximal stenosis pelvie site; com- 
plete obstruction; pelvis filled with 
pus; marked hydronephrosis 


Died 50 days Complete distal obstruction by bladder 
Died 45 days Same as above 
wall; marked hydronephrosis 


Tas_e 2.—Urinary Diversion to the Sigmoid by Means of Polyethylene Tubing 


Contra- 
lateral 
Nephree- 
Internal tomy 
Lengthof Diameter After Sub- 
Tubing, of Tubing, stitution, Fate of 
Om Mim. Days Animal Postmortem Findings 
12 0.86 14 Died 17 days Distal end extruded from sigmoid 
wall; proximal end closed with 
sear tissue; severe hydronephrosis 
10 Died 34 days Distal end occluded by scar tissue; 
marked hydronephrosis 
11 Died 56 days Leakage around distal insertion to 
sigmoid; free urine and feces in 
abdomen; marked hydronephrosis 
Killed 65 days Marked hydronephrosis, lumen 
patent 


Died 75 days Marked hydronephrosis, lumen 
patent 


* Polyethylene tubing substituted for ureter from pelvis to sigmoid. 


RESULTS 
Two dogs were killed at 21 and 43 days. The lumen of the tubes were free of 


encrustations, but moderate hydronephrosis was present. The four remaining dogs 


died from 34 to 50 days, owing to the effects of complete cicatricial obstruction of 


the polyethylene tubes. The tubing migrated either proximally or distally, closing 
the lumen with scar tissue. Severe hydronephrosis was noted in each of these 
four dogs. 
URINARY DIVERSION TO THE SIGMOID BY MEANS OF POLYETHYLENE TUBING 
In three dogs the distal ureter was ligated at its vesicoureteral junction (Table 2). The 
proximal ureter was excised 2.5 cm. from the renal pelvis. A flanged polyethylene tube was 


inserted into the ureteral segment and was secured with two 0000 nonabsorbable surgical (black 
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silk) ligatures. A purse-string suture of 0000 black silk was made in the wall of the sigmoid 
and a stab incision was made into the bowel. The distal end of the flanged tube was inserted 
into the lumen of the bowel. The purse-string suture was tied to create a watertight seal. Addi 
tional interrupted sutures of 0000 black silk were added for a distance of 1 cm. to cover the extra 
luminal portion of the tube with bowel serosa. Two dogs had urinary diversion from the renal 
pelvis to the lumen of the sigmoid. The artificial plastic ureters varied in length from 12 to 15 em 


The internal diameters ranged from 0.86 to 2.92 mm 


RESULTS 
All five of the dogs died or were killed over a period ranging from 17 to 75 
days. In two dogs the distal end of the polyethylene tube was extruded from the 
wall of the sigmoid. The lumens of the tubes were occluded by scar tissue. In one 
dog pressure necrosis caused urinary and fecal drainage around the plastic tube 
In the two remaining animals the lumen of the tube was free of encrustations. All 


of the animals showed marked hydronephrosis at the time they were killed or died. 


HOMOLOGOUS URETERAL GRAFTS 
Five dogs had defects in the ureter, 3 to 5 cm. in length replaced by fresh 
homologous grafts (Table 3). Interrupted 000000 black silk arterial suture was 


TABLE 3.—Homologus Ureteral Grafts 


Contra- 
lateral 
Nephrec- 
tomy 
Length of Catheter After 
Graft, Splint Graft, 
Cm. Drainage Days Fate of Animal Postmortem Findings 


3 7 days 10 Killed 21 days Beginning stenosis 


4 None 7 Died 30 days Free urine in abdomen, dehiscence 
distal suture line 


4 7 days : Kiiled 55 days Complete stenosis of graft; moderate 
hydroureter and hydronephrosis 
3.5 None 7 Died 65 days Complete stenosis; severe hydro 
ureter and hydronephrosis 
None Died 70 days Complete stenosis; severe hydro 
ureter and hydronephrosis 


used for the anastomosis. Two dogs had internal polyethylene catheter drainage 
for seven days. Distally the catheter extended beyond the graft for 2 cm. The splint 
catheter was passed proximally through the ureter and renal pelvis and then was 
brought out the left flank through a separate incision. ‘Iwo lateral drainage sites 
were made in the wall of the polyethylene catheter which passed through the renal 
pelvis. 
RESULTS 

This group of animals died or were killed from 21 to 70 days. Four of the 
homologous grafts failed because of stenosis. One graft showed dehiscence at the 
suture line owing to nonviability. All of the homologous grafts were thickened by 
marked external fibroplasia. Severe hydronephrosis was seen in those animals with 


complete stenosis of the graft. 


AUTOGENOUS FEMORAL ARTERY AND VEIN GRAFTS TO URETERAL DEFECTS 


Ureteral defects ranging from 2.5 to 5 cm. were replaced with autogenous 


femoral artery or vein grafts in 10 dogs (Table 4). Six of the grafts had internal 
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polyethylene splint drainage. The free vein grafts were rotated 180 degrees in order 
to eliminate any obstruction from a valve. 


RESULTS 
This series of dogs died or were killed from 21 to 58 days. The contributing 
causes of death were stenosis, degeneration of the graft, and leakage at the suture 
lines. Proximal hydroureter and hydronephrosis were severe whenever stenosis was 
present. The free femoral vein grafts showed much more adventitial fibroblastic 
proliferation than the free artery grafts. 


COM MENT 


The experimental use of polyethylene tubing as a permanent ureteral prosthesis 
proved unsuccessful. The plastic tubing, however, did remain free of encrustations. 
Migration of the rigid plastic tubes from the renal pelvis, bladder, or bowel led to 
blockage of the lumen by scar tissue. In those animals in which the plastic tubes 
did not migrate the effects of hydronephrosis were evident. In order to eliminate 
this complication polyethylene tubes with a larger internal lumen were used to 


TABLE 4 lutogenous Femoral Artery and l’ein Grafts to Ureteral Defects 


Contra 
lateral 
Nephrec- 
tomy 
Length of Catheter After 
Graft, Splint Graft, 
cm Drainage Days Fate of Animal Postmortem Findings 
| 10 days Died 21 days Free urine in abdomen; dehiscence 
of proximal suture line 
None Died 30 days Complete stenosis; marked hydro- 
ureter and hydronephrosis 
None Died 25 days Free urine in abdomen: dehiscence 
of distal suture line 
None : Died 35 days Free urine in abdomen; complete 
degeneration of graft 
1 day ‘ Killed 45 days Beginning stenosis of graft, mild 
hydroureter and hydronephrosis 
l4 day Died 54 days Complete stenosis; marked hydro 
ureter and hydronephrosis 
7 day Died 58 days Same as above 
7 day ] Died 21 days Distal leakage into abdomen 
7 day Killed 30 days Beginning stenosis 
None 2 Died 45 days Complete stenosis, hydroureter 
and hydronephrosis complete 
None 2 Died 50 days Same as above 


* Dogs receiving autogenous vein grafts to ureteral defects 


provide a more efficient dependent urinary drainage. This also failed, thus reempha- 


sizing the fact that hydrodyiuamics alone cannot account for the passage of urine 
from the renal pelvis to the bladder. 

Normally the urine is collected in the true renal pelvis and is ejected into the 
ureter by pelvic compression of the detrusor muscle. The urine then passes down 
the ureter in a staggered peristaltic wave.} The complete substitution of the ureter 
by a rigid plastic tube completely eliminates the physiologic peristalsis of the ureter 
and causes varying degrees of hydronephrosis. 

Homologous ureteral grafts failed because of stenosis, dehiscence, or leakage. 
Such a free transplant is dependent on contiguous tissue for its vascularization. 


+ References 11 and 12. 
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By the time proliferating capillary vascular buds have permeated the free grait, 
necrosis and scar formation already have taken place. The hydrostatic pressure ot 
the ureteral urinary flow is not sufficient to overcome the contractile process. One 
must also consider the antigenic dissimilarity of the homologous ureteral grafts as a 
contributing cause for failure 

Autogenous vessel grafts were selected for bridging ureteral defects in order to 
overcome antigenic tissue incompatibility. This series of free grafts again failed 
primarily because of a lack of vascularity. Our previous attempts at bridging 
common bile duct defects in the dog with free grafts also failed for the same reason 
The suggested experimental substitution of a terminal ileal loop * with its intrinsic 


blood supply would seem to have promise in bridging extensive ureteral defects 


SUMMARY 


The experimental substitution of polyethylene tubing, homologous ureteral 


grafts, and autogenous vessel grafts for bridging ureteral defects proved unsuc 


cessful. The plastic prostheses migrated or abolished normal ureteral peristalsis 


producing hydronephrosis. Free grafts failed because of an adequate blood supply 
or tissue incompatibility. 
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PRESENT STATUS OF CARCINOMA OF THE PANCREAS 


WILLIAM B. HUTCHINSON, M.D. 
SEATTLE 


we: MONUMENTAL work of Whipple in which he devised the surgical 
technique of the pancreatoduodenal resection for carcinoma of the pancreas has 
stimulated surgical interest in a heretofore ominous tumor site. Since the report of 
his work in 1935,’ a number of surgeons throughout the country have been carrying 
out this procedure. Very few surgeons, however, have had extensive experience in 
the radical resection of this carcinoma because, while the tumor is not uncommon, 
only rarely do we find a suitable candidate for radical surgery. 

Analyses of our results obtained in the Swedish Hospital and of those reported 
in the literature * are difficult to evaluate accurately. In the first instance, we are 
dealing with an organ whose function is vital to a normal digestive physiology. In 
the second place, the anatomical location of the pancreas, with its duct system 
exhibiting a high incidence of developmental anomalies and with variations in the 
exact anatomical site of the tumor, the age of the patient, and the dependent 
relationship of the pancreas with the duodenum and biliary tract, together with 
extreme disparity in individual fat nutritions, make statistical appraisal difficult. 

Most important and too frequently overlooked is the third point, and that is 
the biological behavior of the tumor. In spite of very careful dissection and apparent 
complete removal of the local tumor a large percuntage of patients die rapidly of 
widespread metastases. I have been disappointed with my results, and I am certain 
many will share this disappointment with me. The following is an evaluation of 
the results of surgical therapy in proved cases of this disease at the Swedish Hospital 
from 1947 through 1952. 

The chief problem is to reduce morbidity by surgery in carcinoma of the pan- 
creas and to palliate rather than mutilate. We must not, however, overlook an 
opportunity for obtaining maximum results in favorable cases by a radical removal 
of these carcinomas. With surgery as our only therapeutic tool we are faced with 
utilizing the radical or conservative approach in our so-called plan of attack. 

It is obvious at this point that any analysis must include a careful appraisal and 
selection of every case on the basis of the patient’s general condition and the anatom- 
ical site and local behavior of the tumor. These points should determine, in my 
opinion, a radical versus a conservative approach to carcinoma of the pancreas, 
duodenum, ampullary, or biliary carcinoma. 


Anatomical variations will be found frequently. For example, the carcinoma in 


the head of the pancreas will probably be diagnosed earlier because of pertinent 


diagnostic signs than one in the tail of the pancreas, but given a resectable lesion 


* References 2, 3, and 4 
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in each position the latter is more favorable. The carcinoma of the pancreatic head 
is usually more advanced when seen at operation than the carcinoma of the ampulla 
of Vater or lower common duct carcinomas. Because of their location, they will 
produce early obstruction of the common duct, resulting in the acute onset of 
jaundice and in earlier detection of the lesion. The ultimate results with these 
lesions are also much more favorable than with lesions in the head of the pancreas. 
However, in our series, 93% of the tumors occurred in the region of the head of 
the pancreas. 

Often the surgeon attempting to evaluate the location and extent of the disease 
finds himself doing a radical procedure when he simply had an investigation of the 
tumor in mind at the onset. We have all had the unfortunate experience of under- 
taking a resection in good faith and during the procedure becoming aware of areas 
of extension involving vital structures not apparent when the decision for extensive 
surgery was made. It is not remarkable, then, that a review of the available statis- 
tical evidence reveals that about 75% of these patients have a lesion that cannot be 
removed radically, and I find in my own experience that 83% fall into this category. 
One must judge resectability absolutely on an individual anatomical basis, depend 
ing on extent, location, etc., which can in no instance be done prior to exploration. 

The factors of judgment in determining the fitness of the patient for surgery must 
obviously be considered here as in any major surgical procedure. The jaundiced 
patient always presents the problem of diagnosis, but, aside from this, in evaluating 
him as a surgical prospect, we must pay very strict attention to the status of his liver. 
Does he have evident liver damage, and, if so, exactly what surgical procedure will 
be tolerated? You will find present-day liver function studies not only valuable in 
the assessment of the patient’s ability to endure surgery but, also indispensable as 
diagnostic guides. Can we expect to receive accurate and valuable diagnostic help 
from the roentgenologist? Our x-ray department believes their contributions will 
be very minimal because the diagnosis of carcinoma of the pancreas will be obvious 
clinically by the time they can demonstrate without question a so-called reverse three 
sign. A space-occupying lesion in this area is not necessarily diagnostic of a car 
cinoma of the pancreas. 

Too often we have a set pattern of operative behavior mapped out before surgery 
and make our case fit the operation rather than inspecting our problem and selecting 
a proper procedure. Obvious extension necessitates selection of a proper palliative 
procedure where necessary. Any involvement beyond the strict confines of the 
pancreas or immediate adjacent duodenum, as in adjacent organs such as the portal 
vein, superior mesenteric vessels, or paravertebral structures, means inoperability, 
as far as I am concerned. This is contrary to some excellent surgical thought on 
this problem. Some inspection may be necessary to demonstrate this spread, but 
if it is demonstrable it is best to resort to a palliative operation. Opening of the 
duodenum may be necessary for proper inspection in certain instances and may 
avert an error that our surgical department made. A gallstone had become impacted 


at the ampulla; chronic pancreatitis resulted, and the surgeon did a pancreato 


duodenectomy for what he considered a carcinoma of the head of the pancreas 
Are we to expect any success in palliation with the radical approach to this 
problem? McDermott,’ from the Massachusetts General Hospital, reported on 33 


patients with pancreatoduodenectomy who had an average survival time of 11 
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months, as compared with 70 patients with conservative palliative shunt operations 


whose average survival time was 4 months. It is pointed out that the patients 


subjected to resection are perhaps a group in whom the disease either is in an earlier 
stage of development or whose tumors have a slower manner of growth and there- 
fore are not comparable to a group in whom only palliative surgery was considered 
feasible 

Has the radical pancreatoduodenal resection altered the natural history of car- 
cinoma of the pancreas? We have good evidence from all reported series that it 
has not. The five-year survivors of the radical operation are for practical purposes 
nonexistent. The problem lies in the behavior of this tumor rather than in the extent 
of operation, as is emphasized by a recent case in the surgical service of the Swedish 
Hospital. The surgeon after doing a pancreatoduodenectomy was told by our pathol 
ogist that grossly the specimen had the appearance of chronic pancreatitis. It was 
only on microscopic study that the true nature of the lesion was revealed, and then 
in only 1 of 40 serial sections made was there evidence of carcinoma of the pancre 
atic ducts. This patient, in spite of a minimal carcinoma, was dead in six months 
of metastatic disease, which emphasizes the virulence of this pancreatic tumor and 
the complete failure of extremely early radical surgical therapy in this instance 
The outlook for carcinomas of the lower common duct, ampulla of Vater, and duo 
denum is much more favorable. In the absence of local infiltration or distant 
metastases every effort should be made to extirpate them. 

Differentiating pancreatitis from carcinoma is often a very real enigma, as they 
both may occur in the same patient. | have already discussed two problem cases 
What then should our attitude be regarding biopsy with frozen section as a guide 
at the operating table? The greatest objection is the fact it is often misleading and 
false impressions are obtained. Irozen sections of the pancreas are difficult to 
interpret and are inaccurate. A small early carcinoma, deeply placed and surgically 
favorable, may be missed by a superficial biopsy of the overlying inflammatory 
pancreas. There is the additional danger of continued pancreatic leakage. Mathew 
son," reporting the Stanford Hospital series, recorded an example of this type of 
error that | believe bears reporting here. The patient had on his first operation a 
hiopsy taken with reported frozen section diagnosis of chronic pancreatitis. A 
cholecysjejunostomy was performed for biliary drainage. Permanent sections two 
days later were reported as carcinoma of the pancreas; consequently, a radical 
resection was then undertaken. The resected specimen revealed no tumor. At 
necropsy, eight months later, the original tumor proved to be metastatic adenocar- 
cinoma in a retroperitoneal lymph node from a carcinoma of the sigmoid colon 

Phe problem of selection of suitable candidates for the mechanical performance 
of pancreatoduodenectomy could easily be solved if we were able to predict the ones 
in which the condition will become complicated and reserve operation for the 
remainder, The two most distressing complications are the fistula and the abscess 
secondary to a leaking anastomosis. It has been aptly stated by Baker 7 that these 
complications usually are the result of technical imperfection and can almost be 
prophesied by the comfortableness of the exposure at the onset. Such exposure 
depends on a number of things, such as obesity and depth of field, fat infiltration 


of the mesenteries, body build, etc. A one-stage procedure in the good-risk patient 


a 


+ Baker, J. F., in discussion on Mathewson.® 
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has definite and obvious advantages over the two-stage. However, a biliary short 
circuiting operation is invaluable as a first stage in the patient with obstruction 
and long-standing jaundice. It does two things. First, it allows the patient's liver 
an opportunity to recover from long-standing damage and thereby increases the 
number of surgical survivals. Second, it permits the surgeon who does not care to 
do a radical resection the opportunity to perform a first-stage operation at the initial 
exploration when he is confronted with a biliary obstruction from a carcinoma of 
the pancreas. Therefore it places a definite responsibility upon him for doing a 
biliary shunt when this situation is encountered 

It is impossible always to differentiate at surgery the favorable lower bile duct, 
ampullary, or duodenal carcinomas from the unfavorable carcinomas of the pancreas 
Therefore in patients whose lesions have not spread beyond the confines of the 
gland or the adjacent portion of the duodenum and in whom the procedure can 
reasonably be carried out from a technical standpoint, we are obligated to do a 
pancreatoduodenectomy. For those not fitting into this category palliation by a 
shunt procedure is done, and in those with impending duodenal obstruction, a 
vastroenterostomy 

l'rom the technical lessons learned in doing pancreatoduodenectomies, there are 
a few basic facts of which we must be aware. The pancreatic duct should be anas- 
tomosed to the jejunum. This pancreatic anastomosis and the biliary anastomosis 
to the jejunum, be it gall bladder or common duct, are better in most instances 1 
they are proximal to the gastrojejunostomy. If the gastrojejunostomy is proximal 
to the biliary and pancreatic anastomosis, an enteroenterostomy will be valuable 
in partially isolating the biliary and pancreatic orifices 

In our series 10 patients, or 62%, had one-stage pancreatoduodenal resection 
The two-stage procedures were used in those with prolonged jaundice or with 
marked enlargement of the liver and in one elderly patient considered to be a poor 
surgical risk. It is apparent that the employment of the two-stage operation has 
enabled us to extend the operation to patients who would not otherwise be suitable 
risks for major surgery 

How radical a procedure is one justified in doing, as regards the amount of 
pancreas resected?’ In a lesion well selected for surgery that is localized to the 
pancreatic head, we believe that partial pancreatoduodenectomy does not have the 
subsequent disabling effects of total pancreatectomy. Cole’ explains early recur 
rence with favorable lesions on the basis of free malignant cells in the obstructed 
duct of Wirsung. Thus dissemination of carcinoma occurs by cutting across the 
duct, with the escape of pancreatic fluid, which could be averted with total pancre 
atectomy. In only three of our cases was total pancreatectomy done. In the remain 
ing cases there was no evidence of tumor at the transected end either in the 
pancreatic duct or in the glandular tissue, thus making us feel that we have been 
employing sufficiently radical surgery and yet are being reasonably considerate of 
the future physiological processes in a person with a carcinoma of fatal biological 


potential 


The surgical staff of the Swedish Hospital, with the encouragement of the 


pathological department, has since 1947 adopted a very rigid attitude toward radical 
resection and has used it only in the most favorable cases. Local invasion of 


surrounding structures or demonstrable metastases in distant organs or regional 
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lymph nodes has contraindicated radical surgery. In spite of this, our survival 
figures are no better than parallel to those in comparable series in which the indica- 
tions were more liberal.* We have one four-year survivor, a patient in whom there 
is pathological disagreement as to whether the tumor should be classified as origi- 
nating in the ampulla or in the pancreatic head proper. We do know, however, that 
a minimal number of patients received unrewarding surgery and that a maximum 
number received all that surgery had to offer them. The resectability rate for 
carcinoma of the pancreas, in our hands, was 23%. Our over-all operative mortality 
with pancreatoduodenal resection for carcinoma of the pancreas was 26%. In the 
patients with resection for ampullary carcinomas or in those with benign lesions 
on whom resection was inadvertently done there were no operative deaths. 


Techniques most frequently used in pancreatoduodenal resection in this series. 


The conservative approach to the treatment of carcinoma of the pancreas arises 
from the desire of some surgeons to make a bad situation no worse. It consists in 
the shunting of bile around the obstructing tumor when necessary and returns the 
patient to his family for a temporary period, relatively happy. Advocates of this 
method are encouraged by the poor survival record in those successfully treated by 


the radical procedure, and they point with reason to the appreciable mortality rate 
of this procedure in ordinary hands. The morbidity rate from digestive disturbances, 


cholangitis, leakage, and fistulae, plus the overwhelming financial burden of long 
hospitalization, is considerable. Furthermore, with this method no benign lesions 
will be mistaken for carcinoma and erroneously resected. It is obvious that such 
conservative management overlooks the relatively favorable ampullary, duodenal, 
and lower bile duct carcinomas and removes this small group from any possibility 
of long-term survival. 


66 





HUTCHINSON—CARCINOMA OF PANCREAS-PRESENT STATUS 


The technique of the palliative procedure will be determined in each instance 


by the local findings. Any palliative procedure should be simple and involve a 


minimal number of anastomoses, since the patients have extensive tumors and are 
poor risks (Figure). If we keep the procedures simple, we will not hesitate to 
employ them. Cholecystjejunostomy, utilizing a comfortable length of jejunum, 1s 
the procedure of choice. In our series it was used twice as frequently as all the 
other shunting operations. If the gall bladder is absent or is unsuitable to anasto 
mose, then choledochostomy is satisfactory although technically somewhat more 
difficult. Actual or impending duodenal obstruction will necessitate a gastroenter 
ostomy in addition to the shunting procedure 

The Table represents a breakdown of the various types of procedures used in 
the series here reported. There were 60 patients with pathologically proved car 
cinomas of the pancreas who were operated on at the Swedish Hospital from 1947 


through 1952. 
Pathologically Proved Cases with Operation in Surgical Service of Swedish Hospital 


Proved surgical cases 

Laparotomy only 

Palliative procedures 
Cholecystostomy 
Cholecystjejunostomy 
Choledochojejunostomy 
Choledochoduodenostomy 
Gastroenterostomy 

Whipple (carcinoma pancreas) 

Whipple (ampullary carcinoma) 


Other surgery . 


One might point with justifiable criticism to our 21 patients with laparotomy 
without any palliative procedure being done while the opportunity presented itself 
Of these 21 patients, there were 10 with considerable fixation of surrounding struc 
tures from tumor invasion making any procedure hazardous. Many of the remainder 
unquestionably would have received some measure of benefit from a by-pass opera 
tion. Especially is this desirable when one considers the patient had already been 
exposed to exploration 


SUMMARY 


An analysis of the treatment of carcinoma of the pancreas at the Swedish 
Hospital from 1947 through 1952 and those currently reported series in the litera 
ture makes us cognizant immediately of the disappointments and errors in judgment 
that occur. There is little evidence to show that we alter the natural history of 
carcinoma of the pancreas with surgery, and with rare exceptions this is a fatal 
disease. Radical resection for carcinoma of the pancreas should be undertaken in 
those patients in whom the carcinomatous process is limited strictly to the confines 
of the pancreas or the immediately adjacent duodenum. This will therefore include 
ampullary, lower bile duct, and duodenal carcinomas, which are favorable lesions 
for resection. 

In those patients in whom the carcinoma has extended beyond the strict confines 
of the pancreas, a well-selected palliative procedure should be done when indicated. 
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EFFECT OF STREPTOKINASE-STREPTODORNASE ON PERITONEAL TALC 
ADHESIONS AND GRANULOMAS 


Experimental Study 


E. M. LUTTWAK, M.D. 


J. D. FELDMAN, M.D. 
AND 


Z. NEUMAN, M.D. 
JERUSALEM, ISRAEL 


TREPTOKINASE-streptodornase mixtures (Sk-Sd) have been used in a 
variety of clinical conditions characterized by the presence of purulent exudates 
or coagulated blood. The results obtained by local application or by instillation 
have been favorable in thoracic empyema, hemothorax and pleural effusions,* gan- 


grene of the extremities,” infected sinus tracts,} osteomyelitis,’ tuberculous menin 


gitis and adenitis,f burns,'® and miscellaneous soft tissue infections. The data 


suggest that streptokinase-streptodornase mixtures exert a double action. The 


streptokinase, in the presence of a serum component, lyses fibrin.|| The strepto 
dornase depolymerizes desoxyribonucleoprotein which accumulates in purulent 
exudates from the nuclei of dead cells.{| The final result is a liquefaction of purulent 
or clotted material which is readily removed 

The present experiments were initiated to study the effects of Sk-Sd on peri- 
toneal adhesions. It was assumed that these enzymes liquefy fibrinous and nucleo 
protein exudates and, thus, that they might prevent peritoneal adhesions which 
develop from such exudates. Wright and his associates have reported that Sk-Sd 
prevented postoperative adhesions in the rabbit following scarification of the peri 
toneum.”* In the present study tale was instilled into the peritoneal cavity of rats, 
and the favorable results obtained from the use of Sk-Sd corroborated those of 
Wright and his co-workers. 


MATERIALS AND METHODS 
White male and female rats ranging in weight from 200 to 350 gm. were used in all experi 
ments. With the animals under ether anesthesia and with a nonsterile technique, the abdominal 


cavity was opened through a 3 cm. long right rectus muscle incision. Talcum veneticum, as 


a 
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dry powder, was scattered throughout the peritoneal cavity. The abdomen was closed in two 
layers with continuous 00 nonabsorbable surgical (black silk) sutures, and collodion was 
applied to the wound 


All animals received 10 mg. of talcum per 100 gm. of body weight. To determine this optimal 
dose a previous experiment had been set up in which 5, 10, 20, 40, 60, and 100 mg. of talcum per 


100 gm. of body weight was scattered into the peritoneal cavity of control and experimental 
animals, At the 10 mg. dose level the maximal difference was noted between those receiving 
Sk-Sd and those receiving saline 

rhe Sk-Sd # was dissolved in isotonic sodium chloride in an arbitrary concentration of 50,000 
and 8,300 units of Sk and Sd, per milliliter, respectively. This solution was administered intra 
peritoneally in all experiments, in varying doses, as indicated below. Control rats were given 
saline intraperitoneally in quantities equivalent to those administered with Sk-Sd 

For all experiments the animals were paired, experimental and control 

Group I: Each of nine pairs of rats was killed at 2 to 3 day intervals up to 21 days after 
operation. At the time of laparotomy the treated rats received a single dose of 50,000 and 8,300 
units of Sk-Sd per 100 gm. of body weight; the controls received saline 


Fig. 1—A, granulomas (——) and adhesions ( >) in peritoneal cavity of rat after 
installation of tale and saline. B, absence of granulomas and adhesions in peritoneal cavity of 
rat after instillation of talc and streptokinase-streptodornase. 


Group Il: Six pairs of rats received a single dose of Sk-Sd or saline at the time of operation 
and were killed on the eighth postoperative day. The dose of the enzyme ranged from 25,000 
Sk and 4,150 Sd to 150,000 Sk and 24,900 Sd units per 100 gm. of body weight. 

Group Ill: Eight pairs of animals received a single dose at operation of 50,000 Sk and 8,300 
Sd units per 100 gm. of body weight or saline. They were killed on the eighth day after the 
operation 

Group IV: Six pairs of rats received repeated intraperitoneal doses of Sk-Sd or saline over 
a period of 21 days, as shown in Table 4. 

An additional five rats were laparotomized and closure was done in the same manner as in 
all the animals mentioned above. However, no talc, enzyme, or saline was instilled into the 
peritoneal cavity. Adhesions to the suture line were found in each of the five rats killed either 
on the 8th or the 21st postoperative day 
————E 

# The streptokinase-streptodornase (Varidase; Lot No. 71089-232A) was supplied by 
Lederle Laboratories Division, American Cyanamid Company, New York. 
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1 


At autopsy the number of granulomas, the number of intraperitoneal adhesions (exclusive 


of those in the suture line), and the number of adhesions to the suture line were recorded 


Segments of bowel and viscera with granulomas and adhesions were removed and placed 
in 4% formaldehyde fixative. The tissues were sectioned and stained with hematoxylin and 
eosin, toluidine blue, and Van Gieson’s method 


[ABLE | Number of Peritoneal Granulomas and Adhesions at Varying Time Intervals 


After Admimstration of Tali 


Peritoneal Adhesior 
Other Than to Adhesions to 
Suture Line) Suture Line 


Sk-Sd Sk-Sd Sk-Sd 

Day Killed Controls Treated Controls Treated Controls Treated 
l l 
l l 
l l 
l 


Totals 


Averag: 


PaBLeE 2.—Number of Peritoneal Adhesions and Granulomas Eight Days After Administration 


of Tale (Varying Doses of Sk-Sd) 


Peritoneal Adhesions 
(Other Than to Adhesions to 
Granulomas Suture Line) Suture Line 
Doses of Sk-Sd Used per Sk-Sd Sk-Sd Sk-Sd 
Rat No. 100 Gm. Body Weight Controls Treated Controls Treated Controls Treated 
1 25,000/u Sk 2 l 
4,150/u Sd 
2 50,000 Sk 
8,300 Sd 
750,000 Sk 
12,450 Sd 
100,000 Sk 
16,600 Sd 
125,000 Sk 
20,750 Sd 
150,000 Sk 
4,900 Sd 


Total 


Average 


RESULTS 


Table 1 shows the results of Group 1 in which the animals were killed at varying 
intervals up to 21 days after operation. The observations reveal that Sk-Sd 


depressed the formation of adhesions and granulomas for a period of eight days. 


The differences between the experimental and the control animals, in numbers both 
of adhesions and of granulomas, were marked. Beyond eight days the Sk-Sd treated 
animals still showed fewer adhesions and granulomas, but the difference was not so 
obvious. Adhesions to the suture line were of approximately equal number in 
treated and in untreated animals. 
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Varying the dose of Sk-Sd over a wide range had no effect on the outcome of 
the second experiment. In Table 2 it is seen that similar effective results were 
obtained with a minimal dose of 25,000 units of Sk and 4,150 units of Sd and a 
maximal dose of 150,000 units of Sk and 24,900 units of Sd. 

To confirm the findings of the first two experiments, a third experiment was 
performed. In Table 3 the results revealed conclusively that Sk-Sd diminished the 


Tapie 3.—Number of Peritoneal Granulomas and Adhesions Eight Days 
After Administration of Tali 


Peritoneal Adhesions 
(Other Than to Adhesions to 
Granulomas Suture Line) Suture Line 


Sk-Sd Sk-Sd Sk-Sd 
Controls Treated Controls Treated Controls Treated 


] 3 


Total 


Average 


TABLE 4 Vumber of Peritoneal Adhesions and Granulomas 21 Days After Administration 
of Tale (Repeated Intraperitoneal Injection of Sk-Sd) 


Peritoneal Adhesions 
(Other Than to Adhesions to 
Granulomas Suture Line) Suture Line 


Sk-Sd Sk-Sd Sk-Sd 
Rat No Controls Treated Controls Treated Controls Treated 


] 
] 
l 
9 


9 


0 
‘ 


Total 


Average » 33./ 5. : E 1.1 


* Rats 1, 2, 3, and 4, received 50,000 units of Sk and 8,300 units of Sd every third day after operation for 
a total of seven injections 

+ Rats 5 and 6 received 50,000 units of Sk and 8,300 units of Sd per 100 gm. of body weight every seventh 
day after operation for a total of three injections 


number of tale granulomas and adhesions (Figure). It was noteworthy that the 
number of adhesions to the suture line in both control and experimental rats was 
not significantly different. 

In Table 4 are presented data of the animals receiving repeated injections of 
Sk-Sd and saline throughout a period of 21 days. In the treated animals the average 
number of granulomas was five, and no adhesions, exclusive of those in the suture 
line, were present. A comparison with Table 1 shows that with the administration 
of a single dose of Sk-Sd the average number of granulomas was 21, and in four 
of five animals intraperitoneal adhesions developed from 10 to 21 days after talc 
instillation. 
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\dhesions to the suture line were approximately the same in both control and 
experimental animals, despite repeated injections of Sk-Sd 


COMMENT 


A single injection of Sk-Sd prevented almost completely the formation of intra 


peritoneal tale adhesions over a period of eight days, and multiple injections com 


pletely eliminated intraperitoneal tale adhesions throughout a period of 21 days 


Of 20 animals treated with the enzyme, intraperitoneal adhesions developed in only 
2, exclusive of those in the suture line (Groups II, III, and IV). In 20 control 
rats adhesions were present in every animal. Similarly, in animals treated with 
Sk-Sd the number of granulomas was diminished markedly, as compared with 
controls which did not receive the enzyme. The average number of granulomas for 
all treated rats was 7.5 as compared with an average of 27.7 for all controls. 

The results of these experiments also demonstrated that Sk-Sd was optimally 
effective for a period of eight days. The efficacy of the drug was prolonged by 
repeating the injections at intervals of less than eight days 

The favorable result within the first eight days after administration of Sk-Sd 
might have been due to one or more factors. Liquefaction of the early exudates 
induced by the tale may have facilitated absorption of fibrin, of nucleoproteims, and 
also of some of the tale granules. As a result, the formation of granulomas and 
adhesions was delayed. After eight days the remaining tale induced the usual 
granulomatous and fibrous reaction. Liquefaction of the early exudates might also 
have permitted the ready removal of bacteria, which most likely gained entrance 
to the peritoneal cavity during the operative procedure and which might have 
enhanced the formation of granulomas and adhesions. A sterile technique was not 
employed in these animals. Johnson ** has reported a more effective phagocytosis 
and early sterilization of the affected locus following liquefaction of infected coagula 
by Sk-Sd. Lastly, it was possible that antienzymes developed after the eighth day 
and prevented the Sk-Sd from working. Hazlehurst ** has shown that antibodies 
to these enzymes appeared from Y to 42 days after a single injection. The available 
data, however, have indicated that Sk-Sd is quickly destroyed or inactivated. In 
the present experiments, therefore, the development of antienzymes would not be 
likely. 

The minimal effective dose was not determined nor was the toxic dose. With a 
quantity as small as 25,000 units of Sk and 4,150 units of Sd the formation of 
granulomas and adhesions was prevented as effectively as with a dose six-fold 
greater. 

The development of adhesions to the suture line in both Sk-Sd treated and 
control rats is difficult to explain. There were, however, extrinsic factors which 
might have vitiated the action of Sk-Sd at the suture line in the experimental 
animals, First, the sutures were of nonabsorbable surgical (silk) suture material 
and constituted a persistent irritating agent. Second, healing of the incision must 
be accomplished on a basis of fibrinous exudate. Sk-Sd might delay repair between 
cut surfaces, but it would be unable to prevent it, for the stimulus to fibrosis persists. 
The tale granules did not present such a continuing stimulus for repair because they 


were slowly removed from the abdominal cavity. It was also quite likely that the 
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ventral position of the rat viscera facilitated the development of adhesions in the 
suture line by constant pressure of the omentum and the intestines against the 
wound. 

Histological examination of the granulomas and adhesions revealed no differ- 
ences between the experimental and the control animals. The initial reaction to 
the tale was one of acute localized inflammation and necrosis. Within four to six 


days giant cells and collagen fibrils appeared and increased in number. At 15 days 


after talc administration the granulomas decreased in size, collagen began to dis- 
appear, and the granulomas showed a loose structure. These observations indicated 
that Sk-Sd exerted its action before morphological reactions were visible. 


SUMMARY 


The intraperitoneal instillation of streptokinase-streptodornase (Sk-Sd) pre- 
vented the formation of adhesions and diminished the number of granulomas induced 
by talc in the peritoneal cavity of rats. The enzyme was clearly effective for a period 
of eight days. Repeated injections of Sk-Sd prolonged the effective action of the 
enzyme for 21 days. Sk-Sd was efficacious over a wide range of doses, and no toxic 
reactions were seen with the highest dose used. Sk-Sd had no influence on the 
adhesions which developed in the suture line. 
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PROTEIN NUTRITION IN SURGICAL PATIENTS 


|. A Time Factor in the Protein-Sparing Action of Dextrose in Parenteral Feeding 
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DETROIT 


YATISFACTORY preoperative and postoperative treatment of the surgical 


patient must include adequate nutrition. When the patient cannot or will not 


eat, the parenteral feedings he receives are often woefully lacking in calories, pro- 


tein content, or both. Because the quantity of fluid required for intravenous alimen- 
tation has imposed severe limitations on the quantity of nutritive substances which 
can be administered by this route, it is mandatory that these substances be given in 
such a manner as to provide for their maximum utilization, 

The absence of any mechanism for storage of a large amount of available protein 
in the body makes provision of exogenous protein imperative. However, it has been 
shown that when proteins or amino acids are supplied without sufficient calories, 
more are used by the body for energy than for tissue formation. A protein hydroly- 
sate given intravenously can supply both the essential and the nonessential amino 
acids simultaneously and without regard to differential digestion rates. Under these 
conditions must carbohydrate be present simultaneously or is it required only to 
provide an adequate total caloric intake ? 

This paper presents the results of experiments designed to investigate the time 
factor in protein synthesis in the postoperative patient fed exclusively by intravenous 
injections of dextrose and protein hydrolysate. 


METHODS 

In the course of the investigation 18 postoperative patients were studied; of 
these 12 had gastric operations, 2 had partial colectomies, and 4 had cholecystec- 
tomies. The patients were divided into two groups. The first group included 10 
patients who received dextrose simultaneously with a protein hydrolysate (Trava- 
min). From 50 to 200 ml. of 50% dextrose solution was added directly to 2 liters 
of 5% protein hydrolysate in 5% dextrose prior to administration of the latter. As 
necessary, a measured amount of hydrolysate was removed to permit inclusion of 
the dextrose and the appropriate corrections made in the calculated intake. For this 
reason the patients in Group I received somewhat smaller quantities of nitrogen 
daily than did those in Group II. Such additional calories as were required were 
given as 20% dextrose solutions intravenously, either alternately with the 2 liters 
of hydrolysate or immediately after them. 


VT 
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The second group consisted of eight patients who were given dextrose (20% 
solution) four hours after the protein infusion was completed. The protein hydrol 
ysate was given to these patients in water. The infusions were well tolerated by 
both groups. Transient nausea was occasionally noted when the material was given 
rapidly but was usually stopped by slowing down the rate of administration 
Patients in both groups were studied for periods of two to four days 

The basal calories required for each patient were determined from the DuBois 
charts on the basis of height, weight, age, and sex. A slide rule calibrated on the 
basis of the DuBois chart permits rapid calculation of the basal metabolic require 
ment. Approximately 30% more calories are required for bed activity. Inasmuch 
as all the persons included in this study were bed patients in the hospital, and 
hecause the calories which could be given to patients in Group II were limited, we 
arbitrarily regarded the caloric requirement of all patients to be their basal require 
ment plus 30%. None of the patients were clinically considered to have abnormal 
thyroid function. The caloric balance was calculated as the difference between the 


calculated caloric requirement and the calories given. Owing to the fact that caloric 


restriction alone frequently results in marked negative nitrogen balance, only those 


patients who were within 300 Cal. of their estimated requirement were included in 
this study. Preliminary studies of our own indicated that at caloric intakes below 
this level the effects of caloric restriction were superimposed on the effects of 
protein-carbohydrate separation. 

Urine was collected for 24-hour periods and analyzed for total nitrogen content 
When a Levin or Wagensteen tube was used, the drainage was also collected daily 
and analyzed. Collections were followed closely, and any doubtful cases were dis 
carded, as were those on whom collections were incomplete. Water was allowed 
ad libitum, but nothing else was given by mouth during the period of the experiment 
The hydrolysate, urine, and drainage were analyzed for nitrogen by the macro 
Kjeldahl procedure. Aliquots of the hydrolysate taken from different lots over a 
period of a year were remarkably constant. The total nitrogen intake and output 


was then calculated and the difference regarded as the nitrogen balance. 


RESULTS 

As seen in Table 1 the patients in Group 1 had an average daily nitrogen balance 
of —3.11 gm. of nitrogen, with a range of values from —8.52 to +2.18 gm. of 
nitrogen. Eight of the 10 patients lost less than 4.5 gm. of nitrogen daily, and 
2 were in positive balance. The deficient caloric intake and/or failure to provide 
sufficient nitrogen to fulfill the need of the patient appears to be the reason for the 
inability to keep these patients in positive balance. The average caloric intake was 
143 Cal. below the basal requirement plus 30%. A scattergraph of these data shows 
a roughly direct correlation between nitrogen balance and percent of caloric require 
ment infused, with the exception of Cases 7 and 27, and is in agreement with the 
results obtained by Rice." 

The data obtained on the cases in Group II are given in Table 2. The average 
daily nitrogen balance in these patients was —8.50 gm. of nitrogen. The values 
ranged from —4.17 to —11.76 gm., with only one of the eight patients losing less 
than 4.5 gm. of nitrogen daily and none in positive balance. The average caloric 
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intake in this group was somewhat better than in Group I, being exactly the basal 
caloric requirement plus 30%. A scattergraph of these data, however, shows no 
correlation between caloric intake and nitrogen balance, further demonstrating that 
the metabolism of amino acids in man is too rapid to be influenced by calories 


provided four hours later. 


Tapie 1.—Nitrogen Balance in Patients Receiving Dextrose 
and Protein Hydrolysate Simultaneously 


Ave. Daily Ave. Daily Avg. Daily 
Calorie Nitrogen Nitrogen 
Balance, Intake, Balance, 
Cal. Gm. Gm. Operation 


00 11,19 4.49 Gastrojejunal colic fistula 
260 9.95 2.07 Subtotal gastric resection 
80 11.81 +- 0.36 Mikuliez colostomy for ea. of colon 


200 10.57 8.23 Cholecystectomy and appendectomy 
(dermal ca.) 


200 10.57 + ! Gastroenterostomy with vagotomy 
and appendectomy 


9.95 2.3% Anterior gastrojejunostomy for re- 
current ca, 


9.95 -{ Cholecystectomy 
10.57 y Gastroenterostomy with vagotomy 
10.57 Cholecystectomy 


11.19 F Colon resection for ca 


Average 8 10,63 


Tasie 2.—Nitrogen Balance in Patients Receiving Dextrose Four Hours 


After Receiving Protein Hydrolysate 


Avg. Daily Avg. Daily Ave. Daily 
Caloric Nitrogen Nitrogen 
Balance, Intake, Balance, 
Cal. Gm. Gm. Operation 


0 12.44 — 911 Gastrojejunostomy 


—~ 150 12.44 — 11.76 Subtotal gastric resection with 
gastrojejunostomy 


12.44 — 4,17 Cholecystectomy and appendectomy 
12.44 11.61 Gastrie resection 
12.44 — 11,27 Gastric resection 
12.44 — 6.56 Gastric resection 
12.44 Gastrectomy with vagotomy 
31 12.44 7 .2i Gastroenterostomy with vagotomy 


Average 12.44 


COMMENT 
The work of Ellison * indicating that the utilization of protein is related to the 
total caloric intake has been followed by attempts to find a satisfactory source of 
these requisite calories. Rice and his associates '* have used ethyl alcohol in con- 
junction with dextrose and amino acids. Van Itallie and his associates,‘* Mann 
and his co-workers,® and others have added fat to parenterally administered solu- 
tions in an effort to obtain a high caloric intake in a satisfactory volume of fluid 


which would result in protein-sparing and nitrogen retention. However, adequate 


calories per se are not the only factor exerting a protein-sparing action. Larson and 


Chiakoff ** reported, in 1937, that the protein-sparing effect of carbohydrate 
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depended upon a time factor, and unless the two substances were given almost 
simultaneously the protein was used for energy or in some way dissipated without 
utilization for growth or maintainance. Cuthbertson and Munro? drew the same 
conclusion, based on the results of oral-feeding experiments. Elman * described one 
case in which this was true of intravenous feeding. Kayser and Tallquist, feeding 


isodynamic quantities of carbohydrate and fat, found that, while carbohydrate 


enhanced nitrogen storage, fat tended to interfere with it (Sherman, 1941 '*) 
Cuthbertson and Munro * also found that separation of fat from protein in the diet 
did not result in nitrogen loss, although separation of the carbohydrate from the 
protein in the diet resulted in negative balances on adequate caloric intakes, a 
conclusion confirmed by others.* Geiger ® has suggested that inasmuch as it has 
been shown that all the essential amino acids must be present simultaneously for 
formation of new protein® it is probable that the simultaneous presence of the 
precursors of the nonessential amino acids is also necessary 

The results of the experiments described here show that carbohydrate increases 
nitrogen retention in postoperative patients when intravenous protein hydrolysate 
is the only source of nitrogen and all the amino acids are supplied simultaneously 
That this result is not due to calories alone is demonstrated by the observation that 
the patients did not exhibit the same nitrogen retention when there was a four-hour 
interval between the protein and dextrose feeding that was exhibited when the two 
substances were given simultaneously, although they received the same calori 
intake. Thus it appears not only that dextrose is necessary for calories or as a 
precursor of nonessential amino acids but also that the simultaneous metabolism 
of exogenous dextrose is necessary for nitrogen retention and protein synthesis 


when the diet does not contain excessive quantities of protein 


SUMMARY 

Ten postoperative patients receiving intravenously administered dextrose and 
protein hydrolysate simultaneously had an average daily mtrogen balance of —3.11 
gm. of nitrogen, with two patients in positive balance. Eight of the 10 lost less than 
+.5 gm. of nitrogen daily. Eight similar patients receiving intravenous dextrose 
and protein hydrolysate in the same quantity, but separated by a four-hour interval, 
had an average daily nitrogen balance of —-8.50 gm. of nitrogen and only one patient 
lost less than 4.5 gm. of nitrogen daily. It is concluded that in patients maintained 
by intravenous feeding exclusively, the protein-sparing action of dextrose depends 
on its infusion simultaneously with amino acids, entirely apart from its calor 
effect. 
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SURGICAL SIGNIFICANCE OF THE MARGINAL MANDIBULAR 
BRANCH OF THE FACIAL NERVE 


ROBERT S. POLLACK, M.D. 
SAN FRANCISCO 


NTEREST tends to be lost in the fundamental science of anatomy in this sur- 


gical decade of wider excision and physicochemical problems. This subject is 


anatomical. It is the result of several years of clinical observation supported by 
the written reports of other authors. 


THE PROBLEM 


In a recent report Woodhall '* warns against accidental division of the spinal 
accessory nerve during minor operations in the posterior triangle of the neck. 
Such a mishap results in a paralysis of the trapezius muscle. In the upper neck, 
incision and dissection for protean entities frequently results in a paralysis of the 
corner of the mouth, or the depressor anguli oris muscle, on the side of operation. 
Division of the marginal mandibular branch of the facial nerve is the cause of this 
bothersome cosmetic deformity (Fig. 1).' It may occur after removal of a lymph 
node or a simple branchiogenic cyst. The significance of this nerve is not only 
cosmetic ; once its position is made clear, it aids in rapid identification of the main 
trunk of the facial nerve, so essential in parotid surgery. Its proper recognition 
is an important step in head and neck operations. 


SURGICAL ANATOMY 


While neck dissections are being performed, the inferior pole (or tail) of the 
parotid gland is cut across. As a constant finding a medium-sized vein was seen 
emerging from just beneath the central portion of the gland at its most inferior 
point. This structure was later identified as the posterior facial vein, which arises 
superior to the parotid and travels downward through its substance but is unat- 
tached to the gland at its inferior pole. Frequently running on the surface of the 
vein, at times a few millimeters anterior to it, or occasionally crossing it diagonally 
as it emerges from beneath the gland, is the marginal mandibular branch of the facial 
nerve. The position of these two structures at this point is in the neck, below the 
angle of the mandible, and not on the cheek (Figs. 2 and 3). 

The branch travels downward with the vein for 1 or 2 cm. before moving 
anteriorly and dividing into a cervical descending ramus, which supplies a portion 
of the platysma of the upper neck, and the mandibular ramus, which continues 
forward beneath the platysma and almost parallel to the mandible for several centi- 
meters, before coursing upward to supply the motor innervation of the lower lip. 
By tracing the branch upward (proximal) for 2 or 3 cm. the main trunk of the 
facial nerve may be reached. Identification of the marginal branch is aided by 
the invariable position of the posterior facial vein. In numerous dissections this 
vein was found in a constant location. 
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Fig. 1.—Patient showing loss of motor innervation of half of the lower lip following surgery 
performed for the removal of a tumor in the upper neck. The line of incision is outlined 


? 


Fig. 2.—Actual operating-room view after total parotidectomy, revealing branches of the 
facial nerve. In this case the mandibular branch runs downward on top of the posterior facial 
nerve. 


82 





POLLACK—MARGINAL BRANCH OF THE FACIAL NERVE 


3yars* has recently written on this anatomical relationship, and full credit 
must be given to him as the first to report it in the surgical literature. He states 
that in no instance has this relationship “let him down,” but he warns against 
confusing the external jugular vein with the posterior facial vein. The former 
travels on top of the sternocleidomastoid muscle, whereas the latter courses 
deep to it. 
COMMENT 


Danger of inadvertent injury to the marginal mandibular branch is present in 
almost any surgical procedure performed in the upper reck. When incision and 
dissection approach the critical area below the angle of the mandible, where nerve 
and vein are close, it is well to identify the mandibular branch first, trace it for 


MAIN TRUNK 
OF FACIAL 
NERVE 


posterior 
FACIAL VEIN 


MARGINAL 
MANDIBULAR 


BRANCH 
MARGINAL 


MANDIBULAR <+——— DESCENDING 
RAMUS CERVICAL RAMUS 


Fig. 3.—Artist’s drawing of Figure 2. The parotid gland has been superimposed. Note the 
critical area at the inferior tip of the gland with vein and nerve emerging from underneath. 
his relationship is below the angle of the mandible and in the neck. 


ward as it courses deep to the platysma muscle and reflect it away from the sur 
gical field. This is especially important in minor operations in which resulting 
paralysis is hardly compatible with the procedure performed. Operations performed 
further anteriorly may involve the distal portion of the nerve because in many 
instances it does not course above the mandibular margin for 3 or 4 cm. When 
the distal portion is composed of several smaller branches, as is frequently the case, 
it becomes increasingly difficult to preserve them all. When some (one or more) 
are preserved, the resulting deformity is minimal because of anastomoses of the 
terminal endings with other (buccal) rami * (Fig. 4). 


Lahey ° states that it is impossible in performing a radical dissection of the neck 


to avoid injury to this nerve, especially if all nodes in the region beneath the 


a ——— 


*Martin,? and McCormack, and others.® 
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angle of the mandible are removed. However, preliminary identification of the nerve 
first would in most instances prevent injury to it and does not impair thorough 
dissection. This assertion is supported by the studies of Martin,’ who makes a 
special point of identifying this nerve while performing neck dissections. The beliet 
that section of the tail of the parotid gland is responsible for partial paralysis of 
the lip is true in so far as the surgeon in dividing the parotid at this point also 
clamps and divides the posterior facial vein, a step which frequently will divide 
the mandibular branch near its point of origin. 

Surgery of parotid tumors has come a long way since Sir Frederick Treves’s '' 
statement: “It follows from the complex relations of the parotid that its entire 
removal as a surgical procedure is an anatomical impossibility.” Yet the technique 


of performing a parotidectomy with visualization of one or more branches of the 


lig. 4.—Result following right hemithyroidectomy and right radical neck dissection performed 
in continuity for carcinoma of the thyroid with cervical lymph node metastasis. The marginal 
mandibular ramus divided anteriorly into several filaments, but with one preserved motor 
innervation of the lower lip was not lost. The lines of incision are shown 


facial nerve was slow in gaining acceptance. The high number of recurrences + 
following excision of parotid tumors by other methods proves the value of facial 
nerve dissection, There are many techniques described by numerous authors. 
ne method * is to identify the main trunk of the facial nerve by tracing the mar 
ginal mandibular branch upward. As was previously stated, the mandibular branch 


is located by its constant association with the posterior facial vein as that structure 


emerges from beneath the lowermost tip of the parotid. When the dissection is 


started at this point a broad segment of the nerve is easily visualized close to the 


gland. ‘This not only limits the extent of dissection, but is of comfort to the sur- 


+ Kidd,*; Marshall and Miles,° and MeCune.'° 
t Adson and Ott!; Bailey *; Kidd 4;Marshall and Miles ®; Martin and McCune.!° 
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geon in that he isolates a major portion of the nerve early in the operation. All or 
part of the gland may then be removed with full visualization of one or more facial 


nerve branches ( Fig »)) 


Fig Postoperative result following total parotidectomy for a recurrent mixed tumor 


he gland was removed by identifying the mandibular branch first and then dissecting upward 


to reach the main trunk of the facial nerve. The type of incision used is outlined 


SUMMARY 


The marginal mandibular branch of the facial nerve can be divided accidentally 


during minor surgical procedures in the upper neck. It may be identified at the 


lowermost tip of the parotid gland by the accompanying posterior facial vein 
tend . » Le) 


t 
\wareness of this relationship and of its anterior branches will prevent paralysis 
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of half of the lower lip. By identifying this branch first and tracing it upward to 
the main trunk of the facial nerve, parotidectomy can be performed under visuali- 
zation of the branches of the facial nerve. 


450 Sutter St. 
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RETROPUBIC APPROACH TO BLADDER NECK RESECTION IN CHILDREN 
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GEORGE R. HORTON, M.D. 
BILL F. HORTON, M.D. 
AND 
JAMES W. BYRNE, M.D. 
BROOKLYN 


Reece TURE of the vesical neck is one of the commonest congenital 
anomalies of the genitourinary tract. The highest incidence occurs in children 
below 6 years of age, but, since many cases are either not detected or the childhood 
symptoms not recognized until the second or third decade, the true incidence is 
uncertain. 

These symptoms are often identical with those of prostatism and other forms 
of lower urinary tract obstruction found in the adult. Frequently they are unde 
tected or ignored by the physician until back pressure has caused dilatation of the 
upper urinary tract to an advanced and sometimes irreversible degree. [neuresis 
resistent to psychiatric management or repeated episodes of urinary tract infection 
refractory to symptomatic treatment may on proper investigation prove to be due 
to an obstructive uropathy responsive only to surgical correction. Occasionally, a 
patient is referred to the urologist for such late manifestations of the disease as an 
abdominal mass or the uremic state. 

The diagnosis of lower urinary tract obstruction of any variety can be made most 
readily by a determination of the urinary residual, a simple office procedure. Camp 
bell * considers any residual above 15 ce. significant. 

Treatment has been almost exclusively surgical, as dilatation of the bladder 
neck by sounds or bougies has not proved to be of lasting value. Beneficial results 
in two of our cases lasted only two weeks. The nonoperative treatment is also 
impracticable because in male children it requires general anesthesia. We feel that 
one operation is preferable to a lifetime of instrumentation under anesthesia. 

Originally the cold punch was used in transurethral resection, but at present the 
infant resectoscope enjoys the most popularity. Unfortunately, not all hospitals have 
such an instrument. Moreover, transurethral resection in children has certain 
limitations. All the pitfalls of transurethral resection in the adult are magnified many 


times in these small patients, since the infant resectoscope affords poor visability 


and makes for difficulty in securing adequate hemostasis. The dangers of urinary 
extravasation and rectal perforation are real, as the tissue between the rectal mucosa 


TT 

From the Department of Urology, Kings County Hospital, Brooklyn 

Presented at the Annual Meeting of the Brooklyn and Long Island Chapter of the American 
College of Surgeons, Brooklyn, June 9, 1953. 
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and bladder neck is, as Campbell * points out, “thin as cigarette paper.” It is 
extremely difficult to determine accurately the proper amount of tissue to resect 
in order to secure an adequate vesical outlet. Even as experienced a pediatric 
urologist as Campbell ' has had to perform as many as three transurethral resections 
of the bladder neck in the same patient before obtaining a satisfactory result. In 
infants an external urethrotomy may be required to accommodate even the small 
resectoscope. Urinary incontinence, while rare in the hands of an experienced 
resectionist, is a tragedy when it occurs. Severe, often intractable, urethral strictures 
may occur later on in life. This complication has been observed by one of us 
in adults who have had urethral instrumentation in childhood. 

The suprapubic approach has the disadvantage of inadequate exposure of the 
bladder neck area, with the result that less tissue can be resected. 

The rapid growth in popularity in this country of Millen’s retropubic prostatec- 
tomy has encouraged others to employ this approach in bladder neck resections. 
Burns * and Lich and Maurer * and Hand *® have modified the original Millen tech- 
nique by employing a longitudinal incision in the prostatic capsule, which can be 
extended distally as far as the verumontanum, enabling the entire prostatic urethra 
to be visualized, Congenital rethral valves can be resected readily by this approach, 
and by carrying the incision upward the bladder can be opened widely to correct 
any pathology within. If prolonged obstruction has resulted in upper tract pathology, 
a cystotomy can be performed by a stab incision through the anterior bladder wall. 

To date we have been able to find a total of 26 reported cases (Burns, 20 cases ; 
Lich and Maurer, 5 cases, and Hand, | case). There are probably many more in 
the voluminous literature on retropubic prostatectomy as well as many that have 
not been reported. Although the 26 cases were not described in detail, no fatalities, 
serious complications, or operative failures were noted. To this small series we add 
six cases of our own. 

Our youngest patient was a l-year-old infant; the oldest, a 13-year-old boy. 
‘Two patients were 2% years of age, and the remaining two were 4 and 7 years old. 
Qur six cases illustrated the full range of symptoms resulting from vesical neck 
obstruction and an elevated urinary residual. In two patients there were lower 
urinary tract symptoms: hematuria, pyuria, dysuria, and suprapubic pain. One of 
them had costovertebral angle tenderness, a urosepsis severe enough to cause a 
convulsion, and a septic temperature refractory to all therapy until bladder drainage 
was instituted. Two patients had complete retention. One was the 12-month-old 
infant. The other presented a bladder palpable at the umbilicus, which had been 
diagnosed an abdominal tumor at another hospital. The remaining two (ages 7 and 
13) had histories of eneuresis and diurnal dribbling with stress incontinence since 
infancy 

The urinary residuals varied from peaks of 250 and 350 cc. in the patients having 
urinary retention to lows of 30 and 75 cc. in the eneuretics. Residuals of 50 to 100 
ce. and 75 to 250 cc. were found in the two patients with lower tract symptoms. 
hose having values of less than 100 cc. were given a trial of nonoperative treatment. 


The residuals decreased to 35 and 5 cc. after sounding, but in two weeks they had 


returned to their previous high levels. 

Preoperative cystoscopy revealed in each of these a concentric, collar-like, 
crenated contracture of the bladder neck and a sharp drop of the urethra between 
the verumontanum and the raised vesical outlet. Lower tract obstruction, as evi- 
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denced by trigonal hypertrophy with bas fond formation, trabeculation, cellule, 
saccule, and diverticula formation, was present in variable degrees. These findings 
were substantiated at the time of operation. 

Cystography and intravenous pyelography, important in detecting upper urinary 
tract involvement as well as bladder pathology, showed diverticula almost equal in 
size to the bladder in two cases and a small one in a third. In no case was ureteral 
reflux demonstrated. 

Cystometry serves to rule out neurogenic disorders but is difficult to perform 
and gives unreliable results in infants and young children. It was normal in the two 


cases in which it was performed. 


RDM 


Fig. 1.—Longitudinal incision in the prostatic capsule in a l-year-old infant, showing a sound 
in the urethra 


Our technique differed very little from that of the authors previously cited. We 
found that the passage of a sound before incising the prostatic capsule facilitated 
location of the urethra. The longitudinal incision in the prostatic capsule was made 
over this sound (Fig. 1). Owing to the excellent exposure of the vesical outlet, 
we were able to remove a complete rim of bladder neck tissue instead of the con- 
ventional wedge-shaped portion resected from the posterior lip of the bladder neck 
in the suprapubic approach. In one case this measured as much as 1.5 by 1.0 by 0.7 
cm. Light fulgeration with the electrocautery or suturing of the urethral mucosa 
to that of the bladder were abandoned when a short period of simple digital pressure 
on the resected area with a piece of oxidized cellulose was found to give adequate 
hemostasis. It was a relatively simple matter to perform a cystotomy when in one 
case the metal sound was found to be in a false passage between the bladder and 
rectum. The full potentialities of extending the longitudinal capsular incision for 
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Fig. 2.—Bladder neck is grasped by a clamp and pulled up into the incision prior to resection 


(same patient as in Figure 1). 


Rostetic 1 oa 


Bladder N ck 


an 
&. Bladder Closed 


Fig. 3.—Closure of the longitudinal incision in the prostatic capsule and bladder (same 
patient as in Figure 1). 
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correcting intra-vesical pathology were not appreciated at first. Therefore, no attempt 
was made to treat the large diverticulum present in one of our earliest cases. ‘The 
diverticulum present in a subsequent case was corrected readily by digital dilatation 
of the orifice to four times its original size. Diverticulectomy, which would have 
been easy to perform through the retropubic approach, was deemed inadvisable 


because of its close proximity to a ureteral orifice. 


RESULTS 

Despite the age of our l-year-old patient, cystoscopy was accomplished with ease 
The surgery was the easiest technically and the postoperative course the most 
uneventful. The catheter was removed on the fourth, the sutures on the seventh, 
and the patient was discharged on the tenth postoperative day. 

We were particularly impressed by the ease of the operation and the relatively 
short operating time (45 to 80 minutes). Exposure of the entire prostatic urethra, 
vesical neck, and, when indicated, the interior of the bladder was excellent. The 
postoperative course was generally uncomplicated. Temperatures were usually low 
grade and never remained elevated more than a few days. Hemostasis, during or 
after operation, was never a problem. Only in one case did hematuria persist as long 
as five days, while in the remainder, the urine was clear within 48 hours. One of 
these had grossly clear urine 10 hours postoperative. 

In all but one of our patients, water-tight closure with primary wound healing 
was secured. The urethral catheters were removed on the fourth or fifth day, the 


child with the false passage being the only one needing a suprapubic cystotomy 


We were able to discharge four patients in our series on the Sth to 14th day. 


Chis compares favorably with Burns’s 20 patients who were discharged in 8 to 17 
days. Hospitalizations of four and eight weeks were necessary in two cases owing 
to (1) slow healing of a suprapubic cystotomy sinus and (2) an effort to encourage 
resolution of a large bladder diverticulum by prolonged catheter drainage. 

We consider the immediate results in five of our six cases to be excellent. In the 
remaining case the result can be considered good despite occasional symptoms and 
the persistence of a large diverticulum which was not treated at the time of opera 
tion. Although it now empties almost completely, diverticulectomy may have to be 
performed if symptoms progress. The diverticulum, which was treated at the time 
of operation, shows a decrease to almost half its preoperative size. All other children 
are free of symptoms and their urinary residuals are invariably less than 10 cc. 

Cystoscopies were done at intervals of 3, 6, and 12 months. In every case the 
bladder outlet appeared adequate, and the floor of the urethra was almost level with 
the trigone. In one it would be difficult to detect evidence of previous surgery on 
the bladder neck. 

We do not consider our follow-up of 6 to 14 months long enough for any final 
conclusions. The patients have been seen and their urinary residuals checked at 
monthly intervals for the first year. We shall continue to follow them at six-month 
intervals for many years. 

Pathologically, the specimens were typical, showing either submucous fibrosis, 
muscular hypertrophy, or a combination of the two. 
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SUMMARY 


Congenital contractures of the bladder neck in six children were successfully 
resected retropubically, utilizing a longitudinal incision in the prostatic capsule. 


This technique offers the advantages of easy access to the prostatic urethra, 


bladder neck, and interior of the bladder ; adequate hemostasis ; low morbidity, and, 
consequently, a short hospitalization. 


Dr. Lee Binder gave technical assistance 
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WHOLE BODY IRRADIATION ON THE HEALING 
OF FRESH FRACTURES 


COLONEL AUGUST W. SPITTLER 
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AND 
MAJOR BEN A. RUTLEDGE 
MEDICAL CORPS, UNITED STATES ARMY 


ITH THE addition of the atom bomb to the armamentarium of modern war 
fare, large numbers of persons may be subjected not only to trauma but also to 


the effects of whole body x-irradiation. With the exception of experimental work 


reported in the literature on the effects of local x-rays on fracture healing, we have 
been unable to find any reports on the effect of whole body exposure to x-rays on the 
healing of fractures. The purpose of this paper is to report our observations of the 
effect of whole body x-irradiation on fracture healing in the rat. 


MATERIALS AND METHODS 


All of the animals used were albino rats of the Wistar strain, weighing over 150 gm. A dose 
of 500 r will kill 50% of rats of this strain. They are known to require five to six months’ growth 
to reach maturity, with a 300 gm. maximum weight. The rats employed in this experiment were 
about 3 months of age at the time the experiment began 

\ total of 315 rats were employed, 50 of which were utilized as controls. The remaining 257 
were &xposed to whole body irradiation ranging from 300 to 900 r (the controls were not irradi 
ated). Under ether anesthesia all the rats received a manual fracture of the left femur and were 
then divided into two main groups: Group 1 received internal fixation of their fractures; 
Group 2 had no fixation 

In Group 1 there were 166 rats used, of which 35 were controls. The remaining 131 were 
divided into subgroups subjected to varying amounts of whole body x-radiation, as shown in 
Table 1. Immediately after irradiation was complete, a small Kirschner wire was inserted intra 
medullarly into the left femur through the femoral condyles with the knee flexed 90 degrees 
The femur was then manually fractured over the edge of a metal tray. The ears of each rat were 
numbered and the weight of each rat recorded. All rats were housed in metal cages in groups 
of not over 25 animals and fed the same diet 

At weekly intervals each animal was anesthestized with ether, the weight recorded, and a 
roentgenogram made of the fractured femur. At these weekly intervals one animal from each 
subgroup and a control were killed and autopsied. The fracture site was examined for amount 
of callus and firmness of union and a microscopic section made of the fracture site 

In Group 2 there were 149 rats, 23 of which were used as controls. This group was treated 


the same as Group | except that no fixation of the fracture was employed 


——E 
Read before the Section on Orthopedic Surgery at the 102nd Annual Session of the Ameri 
can Medical Association, New York, June 2, 1953. 
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TABLE 1 Group 1 Rats with Fractured Femur and Intramedullary Fixation 


Rats, 


Radiation 
No. 


Dose, r 
(controls) None 
300 
400 
500 
600 
700 
900 
Total 


TasLe 2—Group 2 Rats With Fractured Femur Without Fixation 


Rats, 


Radiation 
No 


s08e, T 
23 (controls) .. ° , None 
"4 


24 


800 
400 
500 
600 


Total 


TABLE 3.—Mortality Experience of Group 1 Rats with Fractured Femur and 
Intramedullary Iixation 


Rats, Radiation 
No Dose, t Ist Wk 2d Wk ard Wk ith Wk 
Controls 
Subgroups 
None 
B00 
400 
600 
600 
700 
900 


Totals 166 


* One anesthetic death 
t Two anesthetic deaths 


Tas_e 4.—Mortality Experience of Group 2 Rats With Fractured Femur Without Fixation 


Rats, Radiation Deaths, 
No Dose, r Ist Wk. 24 Wk. 3rd Wk. 4th Wk. Sth Wk. 6th Wk. 7th Wk No. 
Controls 
23 None 
Subgroups 
24 
24 


Totals 149 


* One anesthetic death 
t Three anesthetic deaths 
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OBSERVATIONS 
\ll of the animals were observed for general appearance, water intake, weight 
loss, use of the fractured extremity, and evidence of clinical union at the fracture site. 
It was noted that the irradiated rats gave a general unkempt appearance, in that 
they did not maintain body cleanliness as well as the controls. There was an irregular 


loss of hair, the remaining hair was dull, and they exhibted moderate to marked loss 


of vitality and vigor. Their water intake was greatly increased. 


The controls of each group had a continuous gain in weight, as did those receiv 
ing 300 and 400 r of radiation. Those rats receiving 500 r had a gradual weight loss 
Those receiving 600, 700, and 900 r had a marked weight loss. The experience was 
parallel in both groups. 

During the course of the experiment there were 10 deaths attributable to anes 
thesia (all of these animals were irradiated). Three deaths occurred at the time of 
surgery ; seven occurred shortly after irradiation and during the course of the follow 
up. It is to be noted that these deaths occurred in rats receiving 400, 500, and 600 r, 
which may have been a factor because of reduced vitality. 

The mortality of the remaining rats increased proportionately with the dose of 
radiation. The mortality rate rose rapidly in those receiving 500 r, with the greatest 
number of deaths occurring by the second or third weeks. In those rats receiving 
doses of 600, 700, and 900 r, all died except one receiving 600 r and one receiving 
700 r in Group 1. Of those receiving the higher doses of x-radiation, the majority 
died by the end of the second week. 

It was noted that those rats who had internal fixation of their fractured femora 
bore weight on their fractured extremities during the first week and walked norm 
ally thereafter. The fractured femora which were not fixed internally were noted to 
angulate and exhibited gross impairment of function. 

Examination of the fractures of the controls in Group | revealed that they 
were springy with small callus at the end of three weeks and firm at the end of 
four weeks. No marked difference was noted grossly in the healing of the fractured 
femora of the irradiated rats over the controls. In Group 2 the fractured femora 
in the controls remained ununited grossly even after seven weeks. A large bulbous 
fibrous callus could be palpated. No marked difference in the healing of the frac 
tured femora was noted in the irradiated groups over that in the controls of this 
series. These clinicai findings were substantiated for the two groups at autopsy 
and at gross examination of the fractured femora. 

X-Ray Appearance.—Roentgenograms were made of all fractures at weekly 
intervals and of each specimen. They demonstrated progressive union oi the frac 
tures in the Group 1 animals, with no great differences between the controls and 
the irradiated rats at the end of four weeks (Figs. 1 and 2). 

The fractures in the Group 2 animals revealed angulation at the fracture site 
and massive callus with delayed calcification even at seven weeks (Fig. 3) 

Microscopic Examination.—I\n the 72-hour specimens from the control animals 
the fracture site revealed a large accumulation of red blood cells in a pink fibrinous 
network. There were a few small round blue-staining cells which appeared to be 
young fibroblasts. The hematoma extended beneath the elevated periosteum proxi 
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Fig. 1.-X-rays of autopsied rat femora at end of four weeks, showing controls and those 
receiving 300 and 400r of whole body radiation. 


Fig. 2.—X-rays of living rat femora at end of four weeks, showing those that received 500, 
600, and 700r of whole body radiation. 
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mally and distally and filled the medullary canal. Examination of the fractures of 
the irradiated rats demonstrated no discernible difference at this stage in healing 
(Fig. 4). 

At one week the specimens of the fracture site from the control animals revealed 
a replacement of the red blood cells by oval and elongated dark-staining cells, prob- 
ably fibroblasts in a fibrous stroma. In some areas there was beginning prolifera 
tion of blue-staining hyaline cartilage cells. In the anchoring and limiting callus 
there also was seen early pink-staining osteoid. Numerous small blood vessels were 
present. Examination of the fractures of the irradiated rats demonstrated a retarda 
tion of the maturation rate in general. Cartilage cells were less numerous, smaller, 
and more irregular, and they appeared in small nests in no orderly fashion. With 


Fig. 3—X-rays of autopsied rat femora with no fixation at end of seven weeks and those 
receiving 300 and 400r of whole body radiation 


an increase in the dose of x-radiation, it appeared that the fibrous stroma was more 


profuse, that the cells were smaller, and that less osteoid appeared. These changes 


from the normal seemed to parallel directly the dose of radiation received (Fig. 5) 

The specimens of the second- and third-week fractures from the control animals 
revealed a continuation of an orderly maturation of cartilage cells, which was maxi 
mum at the two-week period. There was normal-appearing osteoid which was 
becoming ossified. The bridging and the uniting fibrous callus became completely 
replaced with calcifying osteoid at the end of the third week. Examination of the 
irradiated animals revealed irregular development of the cartilaginous nests, retarda- 
tion of maturation of the cells, and persistence of fibrous tissue in the areas of the 
bridging and uniting callus. There was formation of osteoid but this seemed confined 
to the area of the anchoring callus. The osteoid appeared coarser, and the osteo 


blasts lining these trabeculae appeared smaller, irregular, and fewer in number. All 
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Fig. 4.—Photomicrographs (x 40) showing healing of fractured femur at end of 72 hours 
1, in control rat; B, in rat receiving 900r of whole body radiation. 
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Fig. 5—Photomicrographs ( 40) showing healing of fractured femur at end of one week 
1, in rat receiving 300r of whole body radiation; B, in rat receiving 700r of whole body radiation 
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Fig. 6.—Photomicrographs (x 40) showing healing of fractured femur at end of two weeks 
A, in rat receiving 500r of whole body radiation; B, in rat receiving 900r of whole body radiation. 
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Fig. 7.- etal (x 40) showing healing of fractured femur at end of three 
weeks: A, in rat receiving 500r of whole body radiation; B, in rat reeciving 700r of whole body 
radiation. 
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Fig. 8.—Photomicrographs (x 40) showing healing of fractured femur at end of four weeks: 
A, in rat receiving 500r of whole body radiation; B, in rat reeciving 700r whole body radiation. 
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seemed to have poorer staining characteristics than the controls. Again these 
changes were noted to be directly proportionate to the dose of radiation received 
(Figs. 6 and 7). 

At the fourth and fifth weeks examination of the specimens of the fracture of 
the control animals revealed complete replacement of the osteoid and cartilage cells, 
with good mature trabeculations lined with normal-appearing osteoblasts. I-xami 
nation of the fractures of the irradiated animals again revealed further maturation 
of the irregular-appearing nests of cartilage cells. Osteoid material appeared further 
advanced in its development, but these changes again were noted to occur in the 
area of the anchoring and limiting callus. Persistence of fibrous material in the 
area of the uniting callus again was seen. These changes, too, were noted to 
parallel the dose of radiation received (Fig. 8). 

The microscopic examinations of the specimens of the fracture site in the control 
animals in the Group 2 rats revealed a large fibrous callus. A few cartilage cells 
made their appearance after three weeks, with a small amount of osteoid being 
deposited. After five weeks the osteoid was being calcified, which seemed to be 
confined to the zone of the anchoring callus. At seven weeks this calcified osteoid 
was more profuse but still confined to the region of the anchoring callus. The 
bridging and uniting callus remained fibrous without healing of the fracture. The 
delay in maturation of the callus in the irradiated group of rats was again noted 


to be proportionate to the dose of x-rays received as observed in the Group 1 rats 


COMMENT 


Extensive whole body irradiation of the experimental animals caused marked 
weight loss, debility, and mortality, which were proportionate to the dose of radia- 
tion received. The greatest mortality took place during the first and second weeks 
Only two animals receiving the usual fatal dose of x-ray survived. 

Microscopically it was demonstrated that extensive irradiation resulted in a 
delay in the healing of the fracture which was greatest during the first three weeks 
The two animals surviving the usual fatal dose of x-rays began to gain weight after 
the fourth week. Microscopically, more calcifying osteoid began to develop in the 
fracture site. Although the development was retarded and irregular, it was pro 
gressive. These findings are in agreement with those of Regen and Wilkins,’ who 
found that the depression of the phosphatase level was greatest during the second 
and third weeks in animals whose fractured bones were locally irradiated and that 
healing was delayed during this period. These findings are at variance with those 
of Brooks and Hillstrom,’ who failed to find any perceptible difference on bone 
regeneration following local x-rays. 


If rats survive the effects of the trauma of fracture and whole body irradiation, 


healing of the fracture will be delayed but can be expected to progress to complete 


healing after the effects of irradiation have been overcome. 


SUMMARY AND CONCLUSIONS 


Whole body x-irradiation of young adult white rats alters the normal maturation 
and orderly development of cartilage and ossifying osteoid, the result being a delay 


in the healing of the fracture. 


103 





A. M. A. ARCHIVES OF SURGERY 


ABSTRACT OF DISCUSSION 
Dr. A. R. SANps, Jr., Wilmington, Del.: Col. Spittler and his group are to be congratulated 
on working on a subject which may one day be of tremendous clinical importance to all of us, 
but which day all of us hope will never arrive. There has been little or no real study on the 
healing of fractures in associations with body x-irradiation. These experiments of the authors 


on 315 rats represent an enormous amount of work by many persons and are certainly original. 


The authors have proved convincingly that the exposure of rats to 500 r or more will result 
in an almost 100% mortality rate. They also have definitely proved that fixation of the fracture 
is a necessity for healing in seven weeks or less. The experiments would have been more com- 
plete if the reports had included observations of more than seven weeks on the Group 2 rats 
It is quite likely that many of the fractures in the Group 2 rats would have united after this 
time. If the authors had made weekly correlations of the amount of callous, firmness of union, 
and microscopic sections of autopsied rats, the study would be of more significance. I trust this 
information will be given in the final paper. 

The question arises concerning whether these rats were adolescent and not adult, since the 
authors state Wistar strain rats “require five to six months to reach maturity.” If adolescent, 
bone formation should be more rapid. 

I do not believe that the work on this subject by Regen and Wilkins, reported in 1936 and 
referred to by the authors, is comparable to this study. Regen and Wilkin’s work was entirely on 
the effect of local irradiation on fracture healing and phosphatase production. Also, in the work 
of Regen and Wilkins, rabbits were used, and these animals are notably unsatisfactory for the 
study of bone formation because of their ability to produce bone rapidly with the least provocation 
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Case Reports 


CHLORIDORRHEA 


Syndrome Associated with Diarrhea and Potassium Deficiency 


IRVING M. ARIEL, M.D. 
NEW YORK 


HE ASSOCIATION of potassium deficiency with diarrhea is rather common, 
the potassium deficiency being secondary to the diarrhea. 

Usually diarrhea is associated with acidosis because of the excess of base overt 
anions in large bowel excretions. The patient who forms the basis of this report 
presented the paradoxical picture of severe diarrhea associated with alkalosis. The 
unusual status of an excess of chloride over base in the diarrheal stool of this patient 
with an associated hypokalemic alkalosis and severe clinical sequelae has many 
features in common with the unusual instances of infants with congenital alkalosis 
and diarrhea presented by Gamble and his associates’ and Darrow.'® This report 
describes the results of studies performed upon the patient and the effects of different 
therapeutic modalities upon the entity. The chemical methods employed have been 
reported.* Stool electrolytes were determined by the method of Wallace 


REPORT OF A CASE 


A 66-year-old white man was admitted to the hospital on May 30, 1949, because of large 
bowel obstruction. His symptoms dated back to one year before when slight melena with 
sporadic bouts of diarrhea developed. In the periods when he had no diarrhea he was asymp 
tomatic. Two weeks before admission diarrhea of a marked degree developed followed by pain 
less abdominal distention of six days’ duration. He passed neither feces nor flatus for the two 
preadmission days. His past history was noncontributory 

Physical examination revealed a chronically ill-appearing white man with a moderately dis 
tended abdomen which had a tympanitic sound on percussion. The patient was alert, clear of 
mind, and cooperative. The remainder of the physical examination was essentially negative 
except for evidence of hypertrophic arthritis involving the joints of both hands. His temperature 
was 99 F., pulse rate 60 beats per minute, respirations 20 per minute, ard blood pressure was 
170 mm. Hg. systolic and 104 mm. diastolic. The laboratory findings on admission were not 
remarkable. The blood hemoglobin was 15 gm. per 100 cc. Serum chloride was 93 mEq. pet 
liter and the carbon-dioxide-combining power slightly elevated to 29 mEq. per liter. The blood 
urea nitrogen was elevated to 23 mg. per 100 cc. The patient was treated by a long intestinal 
tube attached to Wangensteen suction, and he was maintained on parenteral fluid administration, 
which consisted of an average of 1,500 ml. of dextrose and 0.9% saline solution (no potassium 
was given). Four days after admission a transverse colostomy was performed with the use of 
gas-oxygen-ether anesthesia and was well tolerated. During the six-day period that intestinal 


intubation and suction were applied, 6,750 ml. of fluid was aspirated. The aspirated fluid con 
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tained the following quantities of electrolytes: chloride, 470 mEq.; sodium, 302 mEq., and 
potassium, 200 mkq. The colostomy drainage was of moderate quantity for the first four days 
after the stoma was opened, but it gradually increased in quantity and by the eighth post 


colostomy day as much as 3 liters of foul, foaming, diarrheal stools were expelled per day 
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Therapeutic periods 
Ordinary constipating agents had no effects upon the diarrhea. The patient who had been 
lethargic and quietly disinterested in his environment suddently experienced hallucinations and 
made violent attempts to jump out of bed, necessitating restraints. He became markedly con- 
fused and disoriented. Analysis of his serum at this time revealed a hypochloremia of 83 mEq 
per liter; carbon-dioxide-combining power, 35 mEq. per liter, and serum potassium, 2.2 mEq 
per liter (Chart) 

The treatment of the hypochloremic hypokalemic alkalosis was divided into five therapeutic 


periods, which are summarized in the Chart. An attempt was made to give one repair solution 
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during each of these periods to note the effects of each upon the clinical symptoms and the 
metabolic balance of the patient 


Metabolic Alterations During Different Treatment Periods —Treatment Period 1 (Eight 
Days): Sodium Chloride Administration. During the first therapeutic period (eight days) 
sodium chloride solutions, as 0.9% sodium chloride and 5% dextrose solution, were given 
intravenously. During the first two days on this regimen, after 36 gm. of sodium chloride had 
been administered, complete improvement in his mental status became evident. He became 
oriented, cooperative, and somewhat jovial. He had a vague memory of the preceding days 
of disorientation. Although he was mentally alert, he complained of generalized weakness and 
easy fatigability after the mildest exertion, and he manifested a stubborn reluctance to ambulate 
He was given a regular diet, which he ate (unfortunately measurements of the constituents of 
his food intake were not made), and was given, in addition, a continued regimen of intravenous 
sodium chloride therapy (averaging 14.6 gm. of sodium chloride daily intravenously and an 


unmeasured portion of salt in his diet). He had no distaste for oral salt. 


Severe diarrhea persisted throughout the entire period of sodium chloride administration. A 
remarkable finding was the large quantities of chloride being excreted in the stool (chloridor 
rhea). At the commencement of this study (June 5) 800 ml. of stool were measured and the 
chloride content of 28 mEq. more than doubled the sodium content of the feces (12 mEq). This 


TABLE 1.—Stool Content per Twenty-Four Hours 


During End of After After After 
Sodium Sodium Ammonium After Sodium Potassium 
Chloride Chloride Chloride Plasma Chloride Chloride 
Start of Adminis- Adminis- Adminis- Adminis- Adminis- Adminis- 
Study, tration, tration, tration, tration, tration, tration, 
6/11 6/15 6/17 6/20 6/23 6/29 


Stool, ml.... 3,000 2,300 3,400 800 1,500 300 
Chloride, mEq 2 87 122 147 06 17 


Sodium, mEq... 12 40 70 5 51 12 
Potassium, mEq 23 44 28 q ” * 
Fat, gm... . ‘ as ae 10 se 8 
Nitrogen, gm... ee - oe 2.2 


excess of chloride over sodium is a most unusual finding. The liquid feces increased in amount 
as the sodium chloride administration continued and equalled 3,000 ml. on June 11 in the 
midst of the sodium chloride therapeutic regimen, and 2.800 ml. on June 15 at the completion 
of this regimen. The large quantities of chloride excreted in the stool are presented in Table 1 
and in each instance the chloride content far exceeds the sodium content. In fact the chloride 
content exceeded the total cation (Na and K) of the stools. No other stool cations were deter 
mined and therefore it is not known to which positive radical the excess chloride was bound 
A continued presence of potassium within the stools persisted despite a low plasma level 
Stools were measured for the total quantity and content of electrolytes during specific 24-hour 
periods. It was not possible to perform measurements throughout the entire period of study 
because of difficulties of collecting the liquid feces pouring through the colostomy 

rhe urinary content of electrolytes is presented in Table 2, which reveals a continued excre 
tion of chloride in the urine but in far less quantities than in the stool and always much less 
than the sodium content of the urine. Urinary potassium in significant quantities was always 
present. 

Volume studies are presented in Table 3 and reveal but a very slight increase in plasma 
volume (200 ml.). It is difficult to account for the decrease in hematocrit and hemoglobin on 
the basis of this small increment in plasma volume (as measured by the Evans blue dye tech 
nique). It thus seems possible that some unexplained loss of red blood cells has occurred. A 
large increment of the interstitial space (thiocyanate space minus plasma volume) of 2.2 liters 


is noted during this therapeutic regimen 
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Analyses of a muscle biopsy (deltoid) from this patient after the sodium chloride regimen ts 


presented in Table 3. The techniques of analysis are those described by Darrow.® The watet 


content of 22.4 mEq. is somewhat diminished. The nature of the severity of the disturbance 


is demonstrated by the extremely low value for the potassium content and the extraordinary 
high sodium level. If the potassium content of the muscle is expressed in mEq. per 100 gm 
of fat-free solids, the very low level of 26 mEq. of potassium reveals the severity of the potas 
sium deficiency (normal level is approximately 45 mEq). It thus becomes apparent that large 
quantities of sodium have replaced intracellular potassium 

Treatment Period 2 (Two Days) Ammonium Chloride Administration. The plasma 
alterations resulting from the intravenous administration of 20 gm. of ammonium chloride 
(Chart) consisted in a slight but transient decrease of the carbon-dioxide-combining power 
and a sharp drop of the serum sodium from its high level of 160 to 138 mEq. per liter. Analysis 
of the stool after administration of ammonium chloride reveals the largest output measured 
and the severest chloridorrhea of this study (Table 1). Significant quantities of chloride are 
excreted in the urine but a marked drop in the urinary sodium content occurs. No volume 


studies or muscle biopsies were obtained during this therapeutic period 


Treatment Period 3 (Three Days): Plasma Administration. The administration of 2 liters 
of plasma containing approximately 140 gm. of protein increased the serum protein concentra 
tion to a normal level (Chart), produced a significant decrease in the plasma chloride level 


from 100 to 83 mEq. per liter, had no effect upon the carbon-dioxide-combining power, increased 


TaBLe 3.—lolume Studies 


Date .. 3/5 Je 6/29 
Plasma volume, liters. 2,980 
Interstitial space, liters... 700 9,000 
Weight, kg ‘ 5g § 5 


the potassium level from 2.1 to 3.3 mEq. per liter (presumably the effect of the potassium 
within the administered plasma), and produced a sharp decrease in the serum sodium. Each 
of these changes was transient. In a previous study Ariel, Abels, Pack, and Rhoads * demon- 
strated a correction of hypochloremic alkalosis by the administration of plasma. The failure 
to accomplish any significant change of the carbon-dioxide-combining power in the patient by 
plasma administration reveals that a different defect existed here from that which could be 
corrected by plasma administration. The analysis of the stool after plasma administration 
(Table 2) revealed some diminution of the electrolyte content of the unrelenting diarrhea 
No significant change in the urinary profile of electrolytes was noted. Volume studies revealed 
a 700 ml. increment in the plasma (which might account for the decrease in the plasma con 
centration of the chloride and sodium which occurred). A decrease in the interstitial space 
of 500 ml. occurred. During this same period a loss of 2 kg. of body weight occurred. If the 
administered fluid had been dissipated in the diarrheal stools, the effects of the plasma could 
be interpreted to have effected a translocation of fluid from the interstitial spaces into the cir 
culation (presumably a result of increased oncotic pressure exerted by the plasma protein). A 
muscle biopsy was not obtained for this period. 

Because of anemia the patient was given two 500 ml. whole blood transfusions subsequent 
to the plasma administration period (Chart). He was also returned to the sodium chloride 
administration regimen to note if the administered chloride would be handled differently by 
the body with its replenished plasma volume and protein content. The serum chloride returned 
to its level of 100 mEq. per liter. A decrease in the quantity of the stool was noted, but no 
change in its electrolyte content occurred. A tremendous quantity of urinary sodium (250 mEq.) 
and chloride (234 mEq.) was excreted. The exact explanation is not apparent but is probably 
due to the diuretic effect of restoring plasma protein concentration. A previous study has 


indicated that a high level of plasma protein permits retention of administered saline solutions 
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in the plasma for deliverance to the kidney when indicated rather than having the administered 
saline diffuse into the interstitial space when hypoproteinemia exists. 

Treatment Period (Eight Days): Potassium Administration. The most dramatic changes 
occurred both in the physical status of the patient and in his metabolic response with the 
intravenous administration of potassium chloride. Associated with the general feeling of well- 
being, with improved muscle tone there was a rather abrupt cessation of the watery diarrheal 
stool. The foul odor decreased in intensity and the improved consistence resulted in semi- 
formed stools. A progressive decrease in the serum carbon-dioxide-combining power, as well 
as a sharp increase in the serum potassium from 2 to over 5 mEq. per liter, occurred. The 
serum sodium remained rather high at 150 mEq. per liter. Stool studies performed after the 
potassium chloride regimen revealed a total fecal output of 300 ml. Although the chloride 
content of the feces had decreased to 17 mEq., it still exceeded the 12 mEq. sodium content 
of the stool. Despite the administration of large doses of potassium, the potassium content of 
the feces diminished most significantly from previous periods during which no potassium 
was administered. The urine reflected an exodus of large quantities of sodium and, to a slighter 
extent, of chloride from the body. The urinary potassium was also less than during the previous 
periods of potassium deprivation. Beneficial changes were also reflected in volume studies, 
which revealed a decrease in the interstitial space of 9 liters (Table 3). Analysis of the muscle 
biopsy (Table 4) revealed a decrease in the total water from the previous level and an increase 
in the muscle chloride. The most significant changes occurred in the muscle sodium and potas 


TABLE 4.—Muscle Composition (MEq./Kg. Fat-Free Tissue) 


During After 

Sodium Potassium 

Chloride Chloride 

Adminis Adminis Two Months 

tration, tration, Later, 

6/15 7/1 9/1 

H20O, ml./ke 795 730 786 
Chloride, mEq 22.4 26.6 29.0 
Sodium, mEq 83.5 50.3 33.4 
Potassium, mEq 53.8 78.4 87.0 


sium content, the muscle potassium increasing to 78.4 mEq. per kilogram of wet tissue (35.6 
mEq. per 100 gm. of fat-free solids). This value is still somewhat lower than the normal 
level, despite the administration of large quantities of potassium, and indicates the tremendous 
potassium deficit which had existed in the cells. Associated with the increased tissue potassium 
was a drop in the tissue sodium to 50.3 mEq. per kilogram of wet tissue (22.8 mEq. per 100 
gm. of fat-free solids), which is still an abnormally high value. It cannot be determined from 
these data whether a more intensive form of potassium treatment would have completely cor 
rected the intracellular defect or whether the element of time is essential 

Two months later the patient presented normal values for his plasma constituents. A 
muscle biopsy revealed that the potassium had increased to 87 mEq. per kilogram of fat-free 
tissue (40.6 mEq. per 100 gm. of fat-free solids) and the sodium had descended to 33.4 mEq 
per kilogram of fat-free tissue (15.6 mEq. per 100 gm. of fat-free solids). 

The patient was discharged on July 2, 1949. When readmitted on July 19, all serum 
chemical findings were within normal levels (Chart). A resection of the sigmoid colon for 
diverticulitis was performed, from which the patient made an uneventful convalescence. 

He was again admitted on Sept. 1, 1949, for closure of the colostomy, and again all blood 
studies were normal. He did not present any evidence of diarrhea, Unfortunately, fecal studies 
were not performed 


COMMENT 


One of the unusual phenomena of this case is that the intractable severe diarrhea 
which resisted ordinary methods of control was apparently aggravated by the intra- 


venous administration of chloride solutions and subsided rapidly after the intra- 
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venous administration of potassium salts. The other unorthodox finding is the large 
amounts of chloride in the stool. 

Certain features of the metabolic derangements manifested by this patient con- 
form to the orthodox concepts of electrolyte abnormalities. The diarrhea and 
withdrawal of large quantities of electrolyte-containing solution instituted the defec- 
tive electrolytic structure consisting of hypochloremia, hypokalemia, and alkalosis. 
The intravenous administration of large quantities of chloride-containing solutions 
temporarily corrected the hypochloremia. The persistence of the alkalosis after 
chloride administration demonstrates that the fundamental defect had not been 
corrected by the chloride. Volume studies of the plasma and extracellular space and 
analyses of muscle for its water and electrolyte content permit a suggested explana 
tion of the sequence of events which occurred when large quantities of chloride were 
intravenously administered to the patient suffering from hypokalemic alkalosis 

The sharp increase in the interstitial volume, during which time a loss of 1 gm. 
of body weight occurred, indicates the direction of the alterations of fluid distribution 
and suggests that the extracellular space is flooded with chloride-containing fluid. 
Decreased body weight in the presence of this extracellular increment suggests a 
diminution of intracellular water. 

Usually in potassium deficiency chloride is not properly reabsorbed from the 
glomerular filtrate, hence alkalosis develops or persists and is probably an important 
factor of the bizarre phenomenon observed in our patient. The data show an intra- 
cellular diminution of potassium, which, surprisingly enough, continues to be 
excreted in the urine and feces. Since chloride is being excreted in far greater 
quantities than sodium, it is suggested that sodium has been deposited intracellularly 
It would appear that because of the fundamental intracellular defect (potassium 
deficiency) the body is attempting to excrete the improperly administered repair 
solution (sodium chloride). The material is being administered in such quantities 
as to tax the body’s excretory capacities and a reserve of the unwanted solution 
accumulates in the extracellular compartment, producing an extracellular edema 


The dramatic subsidence of the mental symptoms of confusion, disorientation, 


and maniacal attempts to thrash out of bed after the administration of sodium 


chloride solutions indicates that these symptoms were manifestations of sodium 
chloride and water disturbance. However, the symptoms of generalized muscular 
weakness, rapid fatigability, and great reluctance to ambulate which this patient 
presented, even after the mental symptoms had been successfully combatted by 
sodium chloride and fluids, are no doubt related to potassium deficiency. (Neither 
paralysis nor convulsions occu, red during this investigation. ) 

The persistence of alkalosis in the presence of potassium deficiency, which resists 
every effort aimed at its reduction—exclusive of potassium administration, has been 
adequately described.’ The administration of potassium salts to this patient rapidly 
reduced the carbon-dioxide-combining power to a normal level and increased the 
plasma potassium content. 

Potassium deficiency is known to cause hypomotility to the point of atony of 
the gastrointestinal tract. In the patient under investigation, hypokalemia was 
associated with a profuse diarrhea. Diarrhea in itself does produce potassium 


deficiencies. In fact, the brilliant studies by Darrow ® of the diarrhea in children led 
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to his recognition of the potassium deficiency with its resultant effect upon the entire 
metabolic balance of the individual patient. He clearly demonstrated that the replace- 
ment of potassium was critical to the recovery of the patient. Diarrhea associated 
with sprue,’® lymphosarcoma, abdominal Hodgkin’s disease, tuberculous lymph- 
adenitis, and other entities has been described as producing potassium deficiency. 
All reported instances of diarrhea reveal the classic entity of fecal excretion of large 
quantities of sodium, little if any chloride, and variable amounts of potassium. Two 
exceptions have been reported independently by Darrow *® and by Gamble and his 
associates '’ whose patients excreted much chloride in the stools and will be dis- 
cussed later, The unusual feature of the patient herein presented is also the abnor- 
mally large quantities of chloride in his diarrheal stool. Throughout all periods of 
this study, the chloride content of the stool exceeded its sodium content. The urine 
also contained significant quantities of chloride but always to a slighter degree than 
sodium. An explanation for the chloridorrhea is not manifest from these data. 
Extremely rapid peristalsis could conceivably transport a chloride excess in intes- 
tinal juice from the stomach to the rectum. This patient did not reveal any evidence 
of increased peristalsis. Gastrocolic fistula exists with chloridorrhea, but this situ 
ation is metabolically akin to that produced by vomiting. This patient did not have 
a gastrocolic fistula. 

Roentgenograms of the intestinal tract did not reveal any evidence of ectopic 
gastric mucosa, which conceivably could account for an increased quantity of chloride 
in the feces. Normally the chloride of the gastric juice is absorbed within the 
intestine. Whether the presence of a colostomy exerted an affect is not known. It 
is true that the colonic effluent would not have contact with the mucosa of the distal 
portion of the transverse colon and the descending colon where the electrolyte con- 
tent of the stool could be altered. However, it is felt that the presence of the 
colostomy was not the culprit, for other patients with colostomies, whose fecal 
electrolytes were analyzed, did not reveal chloridorrhea. Whether or not the 
diverticulitis had any effect is not known, but it is doubtful, for the disease was 
localized to the descending colon and chloridorrhea apparently results from activity 
of the entire small and large intestines. 

This patient demonstrates either a defect in the absorption of the chloride with 
its resultant excretion or an abnormal secretion of chloride from the plasma into the 
intestinal tract. If the defect be abnormal absorption, it would appear that it is 
limited to the chloride ion because of the relatively normal values for stool fat and 
nitrogen throughout all periods of study. 

Dennis and Visscher ** have demonstrated that the absorption of sodium and 
chloride from the intestine is effected with transfer of water. Since more sodium 
and chloride are absorbed than water, that remaining in the bowel is hypnotic to 
plasma. Simultaneously, transport of sodium, chloride, and water occur from the 
plasma into the intestine. When divalent ions are present (sulfate, aluminum 
hydroxide, etc.), chloride enters the blood more rapidly, while the transport of water 
from the intestine is slowed down. These mechanisms are not produced by simple 


osmotic exchanges but represent energy expended in overcoming the osmotic gradi- 


ent which is dependent upon cellular activity. 


cm 


+ References 21 and 23 
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Because chloridorrhea persisted and was intensified when chloride solutions 
were intravenously administered, it would suggest that a diffusion of electrolytes 
occurred from the plasma into the intestinal tract and the error was one of abnormal 
ingress into the intestine rather than faulty absorption of chloride from the intestinal 


tract. [he exact reason is unknown, but the cure of the diarrhea and the subsidence 


of the chloridorrhea following the administration of potassium suggest that potas 


sium balance may in some manner be involved in this syndrome 


It is most unusual for chloride to be excreted into the colon because usually the 
opposite reaction occurs, namely, secretion of excess chloride from the bowel into 
the plasma. This occurs not infrequently after ureterocolic anastomosis and produces 
the bothersome clinical syndrome of hyperchloremic acidosis.4 

When chloride solutions are administered to patients suffering from hypokalemic 
alkalosis, the chloride is rapidly excreted via the kidneys. It is theoretically possible 
that potassium deficiency alkalosis was responsible for the extrusion by the body of 
the chloride ion. Why the colonic route for excreting chloride was utilized is not 
known. If this is the explanation, then it is theoretically conceivable that the diar 
rhea may have been a mechanism of excreting chloride in solution. The data in this 
case do not prove this hypothesis but are suggestive and focus attention upon 
potassium deficiency alkalosis for further investigation.'* Although potassium 
administered intravenously produced an avrupt diminution in the diarrhea and total 
fecal chloride excreted, chloridorrhea persisted, and chloride in excess of sodium 
continued to be excreted. If the above explanation of the mechanism is correct, it 
would suggest that the deficit had not been corrected. It is more probable, however, 
that a more complex situation exists 

Gamble has described an instance of an infant who excreted large quantities of 
chloride in the stool and almost none in the urine. The patient died, and at autopsy 
no anatomic explanation for the electrolyte defect could be found. Certain points of 
similarity exist between Gamble’s patient and the patient of this report, namely, the 
voluminous diarrhea, persistent alkalosis, and the abnormal presence of an excess 
of chloride over sodium in the stool. Gamble believed that the diarrhea was inci 
dental to some unidentified disturbance of water and electrolyte control which 
compels removal of chloride exclusively by way of the intestinal tract. He does not 
believe that there is an ungoverned removal of the chloride via the stool but rather 
that some force is successfully effecting an excretion of chloride. All efforts to raise 
the plasma chloride level were resisted, and, when accomplished, it was of short 
duration. He believes that the maintenance of a low plasma chloride appears to be 
part of a distortion of the physiochemical system of the body fluids and is not a 
primary event. Our patient differs from the one reported on by Gamble in that in 
our patient a high serum chloride exists in the presence of severe alkalosis. This is 
probably the result of the large doses of sodium chloride administered to our patient 
by which a normal plasma chloride level was achieved. The persistent severe alka 
losis reflects that the fundamental defect was not corrected. The apparent aggravation 
of the diarrhea by the administration of chloride solutions would serve to support 


Gamble’s hypothesis that the diarrhea is a means whereby the body rids itself of the 


a 
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unwanted chloride. Our patient also differs from Gamble’s in that in our patient 
appreciable quantities of chloride were excreted by the urine, whereas in Gamble’s 
patient none was excreted by that route. 

Darrow reports on a similar patient who had persistent diarrhea from the time 
of birth until the time Darrow made his report, which was when the child was 2 
years and 11 months old. The essential features were diarrhea, chloridorrhea, and 
hypochloremia. Darrow apparently identified the defect which Gamble had surmised 
and attributed some of the abnormal findings (hypochloremia, alkalosis, and others ) 
to a deficiency of potassium. The administration of potassium salts by Darrow gave 
some relief and produced an improvement of some of the metabolic constituents. 
Darrow’s patient manifested an extracellular dehydration and intracellular over- 
hydration. 

There are many points of similarity between our patient and the one reported 
on by Darrow. The severe potassium deficiency in our patient, as evidenced by the 
low plasma potassium level and the extremely low tissue content, was probably the 
culprit in producing many of the observed disruptions of electrolyte balance. The 
administration of copious quantities of saline solutions to our patient accounts for 
the expanded interstitial space, in contrast with Darrow’s patient whose extracellular 
space was contracted. The alkalosis was maintained despite every effort to correct 
it in order to maintain the new equilibrium established by the potassium deficiency, 
a situation so vividly described by Darrow. The bicarbonate ion is usually a sub 
servient ion which rapidly and with great agility either increases or decreases in 
quantity in answer to the demands of sodium and chloride exchange. Here it main- 
tains a high fixed level which commands the quantity of chloride within the body 
and exerts a powerful stimulus for the excretion of excess chloride. The sequence 
of events which occurred after the administration of potassium salts were dramatic. 
A veritable chain reaction was instituted with ingress of potassium into the cells: 
extrusion of sodium from the cells, excretion of large amounts of chloride and sodium 
shortly after potassium was given, decrease in the interstitial space, lowering of the 
carbon-dioxide-combining power, and increase of the plasma potassium. Associated 
with the corrected metabolic values, the patient felt stronger and well. There was 
a rapid diminution of the watery diarrhea. Although the chloride content of the 


stool decreased markedly, a mild degree of chloridorrhea persisted at the completion 


of the experiment. (A normal potassium and sodium content of tissues had not been 
attained at that time, as evidenced by tissue analysis.) This symptom complex 
simulates to a great degree the diarrhea noted by Gardner and his associates in rats 
deprived of potassium, with improvement following the administration of potassium 
salts.*® 

The explanation is not evident for utilization of the colonic route by the body 
to excrete chloride. A teleological explanation cannot be offered, but this case, the 
one reported by Gamble and his associates, and the one reported by Darrow 
stimulate interest in noting the true incidence of this bizarre phenomenon and its 
explanation. 

SUM MARY 

An entity of chloridorrhea is described. The patient expelled copious quanti- 
ties of a watery diarrhea from a transverse colostomy performed for intestinal 
obstruction due to diverticulitis of the descending colon. The diarrhea was intrac- 
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table to ordinary methods of therapy and was aggravated by the intravenous 


administration of chloride. A remarkable feature of the stools was the presence of 
chloride in excess of sodium. Significant quantities of potassium were also present. 
Absorption of fat and nitrogen was apparently normal. 

The watery diarrhea and chloridorrhea subsided after potassium salts were 
administered. There was an associated improvement in the patient’s feeling of well- 
being and a return to normal levels of the plasma electrolytes (carbon-dioxide-com 
bining power decreased and potassium level increased ) 

It is postulated that the chloridorrhea associated with voluminous watery stools 
may be an unusual expression of potassium deficiency 

The reason for the colonic route of excretion of chloride and the mechanism for 


transfer of chloride to the intestine remain enigmatic 
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METASTATIC CARCINOMA OF RECTUM TO THE THYROID GLAND 


Correlation with Radioactive lodine Studies 


DAVID M. SKLAROFF, M.D. 
PHILADELPHIA 


ges JUGH the gastrointestinal tract is the commonest site of carcinoma, the 
number of cases reported in which tumors from the gastrointestinal tract have 
spread to the thyroid gland is extremely small. Because we recently encountered 
a case of carcinoma of the rectum metastatic to the thyroid gland, we were led to 
examine the literature for other instances, and to date four such cases have been 
reported. 


In 1939 Willis ' collected 47 recorded cases of metastatic growths in the thyroid 
gland, of which 1 from the rectum was reported by Naegeli* in 1922. Willis added 


and described 10 personal cases, including another in which the primary tumor was 
in the rectum. In 1936 Rankin and Fortune * reported a case of carcinoma of the 
rectum in detail, which revealed, in addition to the customary metastases, one in 
the thyroid gland. At the Mayo Clinic * the collected cases until 1940 include only 
1 case of primary carcinoma of the rectum which had metastasized to the thyroid 
gland out of a total of 19 cases of metastases involving the thyroid gland 

The case recently encountered is of interest because of its relative infrequent 


occurrence and because it was studied by means of radioactive iodine 


REPORT OF A CASE 


In August, 1952, a woman, 73 years of age, was referred to this department with the chief 
complaint of hoarseness and shortness of breath of recent duration. The patient reported that 
she had a goiter for 50 years. Examination revealed a small pea-sized, round, smooth, firm 
mass in the region of the left upper lobe of the thyroid gland and a large almond-sized similar 
mass in the right lobe. No adenopathy was noted. Her past history revealed that an abdomino 
peroneal resection had been performed in October, 1945, for an adenocarcinoma of the rectum 
A radioactive iodine uptake study showed a 5-hour uptake of 0%, a 24-hour uptake of 0%, and 
a 48-hour uptake of 8% 


The patient was laryngoscoped and found to have no intrinsic lesion of the larynx, but 
paralysis of the right vocal cord and pressure in the right supraglottic region were found. A 
diagnosis of a multinodular nontoxic adenoma of the thyroid was made; surgery was advised 
but refused by the patient. Her symptoms, however, gradually increased in severity and were 
accompanied by marked wheezing and, at times, stridor. She finally consented to surgery and 
was admitted to the hospital on Oct. 16, 1952. At this time the masses previously noted in the 
thyroid gland were larger, and a clinical diagnosis of carcinoma of the thyroid gland was made 
The laboratory examination disclosed nothing of importance. Determination of the radioactive 
iodine uptake by the thyroid gland was repeated, and the urine excretion and the liver retention 

| ) 


studies were performed according to the method recommended by Corrigat arts 1, 2, and 


3). In presence of carcinoma of the thyroid, it has been shown, there is a rapid decrease in 


cc 
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activity at an abnormal rate after the initial rise in the iodine retention by the thyroid gland. 
The liver retention studies in patients with carcinoma of the thyroid gland show a gradually 
increasing liver count, and in urinary excretion there is a similar gradually rising excretion 
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Chart 1.—Typically normal liver retention curve 
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Chart 2.—Urinary excretion curve within normal limits. 
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Chart 3.—Thyroid retention, typically normal. 





curve. Since these findings were absent, we made the following report: “The results of this 
study do not conform with the usual results obtained in carcinoma of the thyroid gland. We 
therefore cannot confirm the clinical impression of primary carcinoma.” X-ray studies failed 
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to reveal any evidence of metastasis or of substernal extension. The patient’s dyspnea became 
increasingly severe, and an emergency tracheotomy was attempted. During this procedure, the 
patient died. An autopsy revealed the presence of metastatic adenocarcinoma of the rectum to the 
thyroid gland with extension to the larynx. The tumor almost completely replaced the right lobe 
of the thyroid gland and the isthmus. Recognizable thyroid tissue was present only within the 
anteroinferior portion of the tumor mass. The tumor infiltrated the length of the thyroid cartilage 
and impinged upon the larynx, reducing the lumen considerably. The thyroid tissue on the left 
side was scant. A small colloid adenoma is present on this side. No other evidence of metastasis 
was found. 
COM MENT 


The attention of pathologists has been attracted by the infrequency with which 
metastatic tumors are found in the thyroid gland. It has been suggested that this 
infrequency may be more apparent than real, since a careful study of the thyroid 


‘ found metastatic lesions of the 


gland is seldom done on a routine autopsy. Willis 
thyroid gland in 5.29% of cases in which death was due to carcinoma. Rice * found 
embolic tumor cells in 8 of 89 glands examined in cases in which carcinoma was the 
cause of death. It would appear that metastatic tumors are found with greater fre- 
quency in adenomatous glands than in normal glands. This was true in 12 of the 19 
cases studied by Mayo and in our case also. No adequate explanation of this 
phenomenon has een forthcoming. 

As the result of the metastatic lesions, marked metabolic changes have been 


' to toxic goiter, 


described. Their range runs from myxedema, as found by Willis, 
as reported by Mori.’ Study of our case with I'*' not only revealed a myxo 
edematous uptake by the thy, vid gland but also the type of retention that did not 
confirm the clinical diagnosis of primary carcinoma of the thyroid gland, 


studies were confirmed pathologi 


This case, therefore, is unique in that the | 
cally (absence of primary carcinoma of the thyroid gland) and that the patient died 
of asphyxiation, resulting from compression of the larynx by metastasis to the 
thyroid gland from an antecedent rectal carcinoma. It is of interest that seven years 
elapsed from the time of her abdominoperoneal resection to her recent metastasis 
and that this represented a single lesion with no local recurrence or other metastasis 
of the original carcinoma. 

REFERENCES 

1. Willis, R. A.: Metastatic Tumors in the Thyroid Gland, Am. J. Path. 7:187-208, 1931. 

2. Naegeli, T.: Matastasen eines Rectumcarcinoms in einem Schilddriisenadenom, Zentralbl 
alle. Path 23:290-293, 1912 

3. Rankin, F. W., and Fortune, C. H.: Metastasis to the Thyroid Gland from Cancer of the 
Colon, Ann. Surg. 104:36-40, 1936 

4. Mayo, C. W., and Schlicke, C. P Exogenous Tumors of the Thyroid Gland, Am. J. 
Path. 17:283-288, 1941. 

5. Corrigan, K. E., and Hayden, H. S.: Diagnostic Studies with Radioactive Isotope 
Tracers, Radiology 59:1-18, 1952. 

6. Rice, C. O.: Microscopic Metastasis in the Thyroid Gland, Am. J. Path. 10:407-412, 
1934. 


7. Mori, T.: Uber das Auftreten thyreotoxischer Symptome bei Geschwultstanomalien in 


der Schilddriise, Ztschr. Path. 12:2-24, 1913. 





MASSIVE HEMORRHAGE FROM GASTRIC ULCER ERODING GALL BLADDER 
AND ANOMALOUS CYSTIC ARTERY 


HENRY W. MAYO Jr., M.D. 
AND 
P. 3. CROMER Jr., M.D. 
CHARLESTON, S. C 


” THE last decade, surgeons have focused their attention increasingly on the 
I 


ywroblems concerned with management of cases with severe bleeding from gastric 
ulcer. Stewart,’ Finsterer,? and others have adopted the attitude that any patient 
with massive bleeding from ulcer of the stomach and duodenum should be subjected 
to emergency operation, while Andresen,’ Meulengracht,* and their adherents prefer 
nonoperative therapy in all such cases. As a matter of routine, we have chosen a 
middle ground, feeling that each patient with massive hemorrhage from ulcer should 
be followed closely by both internist and surgeon, with an initial trial of conserva- 
tive treatment. Like Dunphy and Hoerr,’® we attempt to select early in the course 
of the bleeding those patients who have the so-called fatal type of hemorrhage, and 
to advise emergency operation for these patients only. This selection is taxing to 
the best clinical judgment, and the criteria for such selection have been discussed 
elsewhere.® Perhaps the most important criterion’ for emergency operation is 
recurrence of bleeding while the patient is hospitalized and being given a conserva- 
tive regimen, or failure of bleeding to cease promptly with such a regimen. 

The severe type of bleeding from gastric ulcer usually occurs from ulcers on the 
lesser curvature of the stomach because they tend to erode the left or right gastric 
arteries. Likewise, bleeding from duodenal ulcers is usually massive when the 
lesion is on the posterior wall and erodes the gastroduodenal artery or the superior 
pancreaticoduodenal artery. Adherence of a lesser curvature gastric ulcer to the 
gall bladder is not an uncommon operative finding, although rarely discussed in 
the literature. However, erosion of the cystic artery by peptic ulcer as a cause of 


massive hemorrhage has never been reported to our knowledge. 


REPORT OF A CASF 


A 45-year-old white man, on the afternoon of Dec. 24, 1952, while visiting his wife who 
was a psychiatric patient in the Roper Hospital, suddenly vomited a large amount of blood 
He was immediately admitted to the hospital. 

The patient had been in good health, but in 1944 dyspeptic symptoms had developed, and at 
that time it was said that an x-ray diagnosis of duodenal ulcer was made. After a limited 
period of medical therapy in 1944, his symptoms subsided entirely. In April, 1952, right upper 


quadrant pain had developed, which occurred particularly after meals, but this subsided one 


i , — 
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week after onset, without any treatment. For the week preceding admission, he had had pain 
in the right upper quadrant, particularly just beneath the right costal margin. This pain had 
been almost constant and not related to meals. On the day before admission, his physician 
had had a series of gall bladder x-rays done, and the gall bladder had failed to concentrate 
the dye. The past history was not remarkable except for the occurrence of the usual child 
hood diseases—an appendectomy in 1922 and a tonsillectomy in 1932. In 1949 he had been 
treated for a neuritis of both radial nerves, which had subsided with symptomatic treatment. 
His family history was of no significance, and a review of systems was essentially negative, 
except in relation to the present illness. He gave no history of previous melena, hematemesis, 
or jaundice. He smoked cigarettes fairly heavily and drank whiskey on social occasions only 

On admission the temperature was 99.6 F., pulse rate 92, and blood pressure 130/70. The 
mucous membranes and skin were pale. The nasal septum was deviated to the left. Several 
teeth were carious. There was moderate tendertiess in the right upper quadrant just beneath 
the right costal margin, with rebound tenderness in that area, and peristalsis was not audible 
No spasm was discernible. The remainder of the physical examination was within normal limits 

On admission the urinalysis was negative except for an occasional white blood cell and a 
trace of albumin. The packed-cell volume on admission yas 32%. Shortly after admission, 
as a blood transfusion was being started, the blood pressure dropped, and his skin became 
moist and cool; he passed a large amount of dark blood by rectum, but the blood pressure 
and pulse rate returned to more nearly normal levels shortly after the blood transfusion was 
begun. He was given slowly 1,000 cc. of citrated whole blood intravenously, and during this 
time, although the blood pressure was sustained at a normal level, he became rather restless 
and combative and was controlled with considerable difficulty with the aid of barbiturate seda 
tion. At this time he became temporarily irrational. After 2 pt. (1 liter) of blood had been 
received, six hours after admission the packed-cell volume wzs 35%. An additional pint of 
blood was given slowly, but the following morning, approximately 12 hours after admission, 
the packed-cell volume was only 28%. At this time the patient vomited up a large amount of 


coffee-ground material, his blood pressure dropped, and he again experienced a mild state of 


shock. During the preceding hours, in addition to the blood transfusions, he had been given 


a Sippy regimen (2 oz. [60 cc.] milk and cream every hour), 1 gm. of calcium gluconate intra 
venously, 5 mg. of sodium menadio! diphosphate (Synkayvite sodium diphosphate) intra 
muscularly, and Kolantyl Gel (an antacid and antispasmodic) 2 oz. every two hours. The pro 
thrombin time on the day following admission was within normal limits 

Since 12 hours of a conservative regimen had failed to improve the patient's condition, the 
decision was reached to perform emergency laparotomy. A Levin tube was passed into his stom 
ach and a moderate amount of old blood aspirated. Another blood transfusion was started and 
1,000 cc. of blood was given rather rapidly. On arrival in the operating room at 1 p. m. on Dee 
25, 1952, he appeared to be in good general condition for the moment. With the use of general 
endotracheal anesthesia, cyclopropane and ether, the abdomen was entered through an upper right 
rectus paramedian incision. All of the small bowel and large bowel were found to be filled with 
blood. On the lesser curvature of the stomach, just proximal to the pylorus, there was a large 
(2.5 cm. in diameter) ulcer which had penetrated the wall of the ampulla of the gall bladder. 
When we attempted to dissect the stomach free from the gall bladder, the stomach wall was 
partially torn away from the ulcer base, and this separation was then completed so that the ulcer 
base remained on the gall-bladder ampulla. It then became apparent that in the center of this 
ulcer there was a small (3 mm. diameter) sclerotic vessel, the lumen of which was plugged by 
a fresh thrombus. When the thrombus was removed, the vessel spurted blood vigorously. This 
bleeding was promptly controlled by a suture ligature around the vessel. On further investiga- 
tion and dissection in the gall-bladder area, it became apparent that this vessel was a large 
branch of the cystic artery, which arose in an anomalous position from the common hepatic artery 
at a point caudad to the position of the cystic duct. After triple ligation of the cystic artery and 
the cystic duct, the gall bladder was removed from above downward in the usual manner; a sub- 
total gastric resection was then carried out, removing approximately two-thirds of the stomach, 
and an antecolic (Hofmeister) gastrojejunal anastomosis was done, with the use of a loop of 


jejunum approximately 20 cm. distal to the ligament of Treitz. The abdomen was closed in layers 
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in the usual manner. During the procedure, which took approximately four hours, the patient 
received 1,500 cc. of blood intravenously, and he received another pint of blood on return to his 
room. 

The pathology report (Dr. E. E. McKee) was as follows: The gall bladder has a thick 
indurated wall. Attached or fused to the serosal surface is a crater-like structure measuring 
an estimated 2.5 cm. in diameter, in the base of which is a small artery (Fig. 1). In a fresh 
state, the stomach contains a large quantity of currant jelly blood. In the lesser curvature is a 
thickened area which appears to represent recent incision and closure 

Sections show a chronically inflammed and thickened gall bladder wall. Fused to its serosal 
surface is a necrotic heavily inflamed crater of a gastric ulcer (Fig. 2). The base of this ulcer 
consists of granulation and scar tissue, and there is a prominent artery lying quite close to the 
surface and showing necrosis of the wall (Fig. 3). Other sections from the stomach show no 


significant changes 


Fig. 1.—Gall bladder with gastric ulcer adherent to serosal surface. Arrow points to eroded 
artery which has been ligated. 


The pathologic diagnoses were chronic ulcer of the stomach, with attachment of the gall 
bladder, rupture of the cystic artery, and chronic cholecystitis. 

Postoperatively the patient did fairly well, the blood pressure and pulse rate remaining stable 
at normal levels. A mild basal atelectasis developed on the right, which responded to antibiotics, 
hyperventilation, and the usual conservative measures. The red blood cell count on the day 
following operation was 3,330,000, with 10 gm. of hemoglobin per 100 cc. During the next two 
days, he was given 500 cc. of blood each day, and on Dec. 28, the red blood cell count was 
4,640,000, with 12 gm. of hemoglobin per 100 cc. After the third postoperative day, the tempera- 
ture did not rise above a level of 99.8 F. The Levin tube was removed on the second postopera- 
tive day, and by the fifth postoperative day he was taking a five-meal soft diet satisfactorily. 
During the first two or three days of this diet, he had minor evidences of “the dumping syn- 
drome,” but after a few more days, the symptoms of sweating, nausea, weakness, and fullness 
after meals disappeared 

The patient was discharged on the 16th postoperative day. He did well at home until early 
in February, 1953, when he noticed the development of jaundice, dark urine, and alcoholic stools. 
He was again hospitalized on Feb. 16. On this admission it was noted that his liver was markedly 


enlarged and that there was a marked degree of jaundice. Results of liver function and other 


studies seemed to justify the opinion that this syndrome was based on homologous serum hepatitis 
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Fig. 2.—Photomicrograph (x 15) showing gall bladder mucosa at left and peptic ulcer at right. 
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With use of a conservative medical regimen, the jaundice gradually subsided, and the patient's 
course in the hospital during a six-week period was one of slow, but progressive, improvement 
At the time of discharge from the hospital on March 28, 1953, he was asymptomatic, eating well, 
and showed no definite evidence of jaundice. The stools and urine had regained their normal 
color, and the liver had subsided to normal size. He was again seen on May 16, 1953, at which 
time there was no evidence of icterus, and he was taking a regular diet in three daily meals, 
without any symptoms referable to the gastrointestinal tract. In July, 1953, he was working 
regularly and eating a normal diet 
COM MENT 

\lthough as a rule we adhere to the principle of obtaining a roentgenologic 
diagnosis of peptic ulcer before emergency surgery is undertaken for severe bleed 
ing, in the present case, the old history of duodenal ulcer seemed to be adequate 
During the week preceding admission, the patient complained of right upper quad 
rant pain, which was quite different from the pain he had previously. It is interesting 
that the gall bladder failed to visualize on cholecystogram, and, although that organ 
contained no stones, there was considerable microscopic evidence of chronic chole 
cystitis. Erosion of the cystic artery by the ulcer penetrating the gall bladder would 
have been impossible except for the anomalous position of that artery, which 
ascended the inferior surface of the gall bladder. The viral hepatitis which devel 
oped approximately six weeks after operation was presumably transmitted by one 
of the many blood transfusions the patient received. 


SUM MARY 
A case of severe bleeding from a lesser curvature gastric ulcer penetrating the 
gali bladder and eroding the cystic artery is reported. Subtotal gastric resection 


and cholecystectomy as an emergency procedure was followed by recovery. 
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LARGE BOWEL OBSTRUCTION CAUSED BY METASTATIC 
CARCINOMA ORIGINATING IN THE LARYNX 
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er INOMA of the larynx is considered a tumor “killing on the spot.” * 
4 Metastasis from this neoplasm to other viscera is rare.* In order of their 
incidence, there are metastases to the lymph nodes, airborne implants along the 


respiratory tract and pharyngoesophagus, and blood-borne metastasis, which is the 


most unusual. 
This is a case report of a patient who died as the result of an obstruction of the 
transverse colon secondary to metastasis of a squamous cell carcinoma of the larynx. 


REPORT OF A CASE 


A 76-year-old man was admitted to Presbyterian Hospital, Denver, on Oct. 9, 1949. He com 
plained of generalized abdominal pain, vomiting, and abdominal distention. 

Eight months before he was admitted to the hospital on this occasion, his record showed, h« 
had had a laryngectomy for carcinoma of the larynx, which had been symptomatic for two years 
Convalescing uneventfully from this laryngectomy, he had adjusted to his permanent tracheotomy 
in a satisfactory manner. On Oct. 1, nine days before admission, the patient passed a tarry stool 
and felt weak for two days, but did not consider it essential to call his physician. The day before 
he was admitted to the hospital, he experienced an acute pain in the upper left part of the abdo- 
men, vomited, and noticed that his abdomen became extremely distended 

Upon physical examination, the patient appeared acutely ill. He had a _ well-functioning 
permanent tracheotomy. There was no cervical adenopathy. His abdomen was distended and 
generally tender. Considerable tenderness and rebound pain could be elicited over the region of 
the cecum. His temperature was 100.4 F. The hemoglobin was 13.6 gm. per 100 cc.; erythro- 
cytes numbered 4,320,000 per cubic millimeter, and the leucocyte count was 5,700. Urinalysis was 
normal, A chest roentgenogram showed no pathologic condition. A plain film of the abdomen 
(Fig. 1) showed the presence of free air and a distended proximal colon. In view of the degree 
of distention and the rebound pain over the cecum, an emergency decompression procedure was 
considered mandatory 

Operation was performed six hours after he was admitted to the hospital. Tetracaine hydro 
chloride, subarachnoid block, and cyclopropane were used for anesthesia. 

The abdomen was entered through an incision which split the right rectus muscle. The 
cecum, ascending colon, and proximal half of the transverse colon were greatly distended. A 
purse-string type of suture was placed in the wall of the cecum, and the cecum was decompressed 
aseptically with a trocar. A 45 F. Pezzar catheter was sutured into the lumen of the cecum 
and inverted with three consecutive purse-string sutures. There was some free, bloody, peritoneal 

mneiiaiaeneinere 
* References 3, 4, and 6. 
+ References 3 and 4. 
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fluid ; consequently, it was thought essential to explore the right side of the colon for a perfora- 
tion. The antimesenteric border was discolored, but there were no demonstrable perforations. A 
fixed mass could be palpated just proximal to the splenic flexure of the colon. The cecostomy 
tube was brought through the great omentum and through a stab wound lateral to the main 


Fig. 1.—Roentgenogram taken on admission. The great distention of the right colon is the 


most prominent feature of this picture 


incision. The wound was closed in layers with absorbable surgical (gut) and nonabsorbable 
surgical (silk) suture material 

The patient’s general condition was poor during the operation. He continuously received 
intravenous injection of fluids. His loss of blood was estimated and replaced 

The patient’s postoperative course from the time of surgery to his death some 96 hours 


ater was one of continuous battle against shock and respiratory difficulty. A chest roentgeno- 
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gram the day after operation revealed the presence of patchy bronchial pneumonia. A scout 
film of the abdomen at the same time showed very little air remaining in the proximal colon. A 
Miller-Abbott tube remained in the fundus of the stomach. 

The patient's cecostomy functioned well. He was given 2,000,000 units of aqueous penicillir 
and 2 gm. of dihydrostreptomycin each 24-hour period. 

His general condition deteriorated progressively. His temperature ranged from 100 to 103 F 
except terminally, when it rose to 105 F. He excreted normal amounts of urine. He died at 
9:25 a. m. on Oct. 14, 1949. 

At autopsy the significant findings were bronchopneumonia and epidermoid metastatic carci- 
noma * of the lungs, liver, colon, small bowel, and lymph nodes. Grossly, the large annular 
lesion of the transverse colon appeared to be a typical “napkin ring” adenocarcinoma (Fig. 2) ; 
microscopically, however, it proved to be a metastatic epidermoid carcinoma (Fig. 3b) with the 


primary lesion in the larynx (Fig. 3a) 


Fig. 2.—Macroscopic picture of the “napkin ring” lesion which had obstructed the trans- 


verse colon. 


We have reported here one of the very few cases of a laryngeal cancer with 
blood-borne metastasis confirmed histologically. Terracol and Bringer,’ in an excel- 
lent review of the international literature on the distant metastases of carcinoma of 
the larynx from 1878 through 1947, were able to find only 14 cases exhibiting mul- 


tiple blood-borne metastases. Only eight of these cases wre histologically confirmed 


The sites of metastases, as given in the same review, were lungs (10), liver (4), 
kidneys (3), esophagus (1), pericardium (1), cerebellum (1), hypophysis and sella 
turcica (1), soft palate (1), temporal bone (1), sternum (1), clavicle (1), scapula 
(1), spine (1), and femur (1). 


‘ also reviewed 21 cases with solitary metastasis to the 


Terracol and Bringer 
digestive system. Only one of these cases with metastasis to the esophagus was 
proved histologically. It was probably implanted. A case of apparent metastasis to 
the colon was fouid to be adenocarcinoma, while the tumor of the larynx was 
squamous carcinoma. We have been able to find only one case of blood-borne 


metastasis reported in the literature after 1947.° 
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Fig. 3.—Microscopic pictures from the larynx (laryngectomy specimen), colon, lung, ane 
liver (autopsy specimens): (a) epidermoid carcinomatous cells of the primary lesion occupy 
the left upper part of the picture, and laryngeal cartilage is seen at the right lower corner: (/ 
metastatic carcinomatous masses predominate in the muscularis of the colon at the site of the 
obstruction; (c¢) squamous metastatic element in a lung field: (d) embolic 
the middle of liver parynchema 


cancerous mass it 
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In our cases, there were metastases to the colon and to the small intestine besides 
those to the lungs, the liver, and the regional lymph nodes. 

The extrinsic type of cancer of the larynx is more frequently the source of 
metastasis than the intrinsic.t In our cases the tumor was intrinsic (subglottic). 


The average time between the appearance of an epithelioma of the larynx and 


the appearance of metastasis is approximately one year.* In the case we reported 
the episode of obstruction of the colon occurred 33 months after the clinical appear- 


ance of the tumor and 8 months after the laryngectomy. 

We think that in a case in which the clinical impression is that of a solitary 
blood-borne metastasis surgical treatment should be attempted because of the rarity 
of metastases in general. 


1839 High St. (Dr. Sawyer) 
—_ — 


t References 3 and 6 
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Clinical Notes, New Instruments and Techniques 


ADJUSTABLE FOOT RESTS 


CAPTAIN HERBERT KENT 
MEDICAL CORPS. UNITED STATES AIR FORCE 


The foot rest (A) consists of a board of five-ply wood connected to two flat steel bars and 
so constructed that a slot at the lower ends of the board permits it to slide or be moved 
on guide rails attached to the sides of a wooden box-like structure, as shown in Figure 1. The 
flat bars are connected to the board by wing nuts, which permit adjustment of the height 
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Fig. 1.—Schematic details of adjustable foot rests 


(Fig. 2). This structure is lined with a thin layer of sponge rubber. The device is so designe 


that the foot board can be brought up to the patient’s paralyzed or affected feet simply by 
tilting the footboard and sliding it forward or backward as the case may require. To securé 


the foot rest in place it is pulled forward on the guide rails. This releases the engagement 
—_—_ TTT 


Chief, Physical Medicine Service, 3750th USAF Hospital, Sheppard Air Force Base, Texas 

This article was submitted prior to Captain Kent’s enlistment in the United States Air Force 

Sponsored by the Veterans Administration and published with the approval of the Deans 
Committee. The statements and conclusions published by the author are a result of his ow 
study and do not necessarily reflect the opinion or policy of the Veterans Administration 
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Fig. 2.—Model of adjustable foot rests. 


Fig. 3.—Showing feet in position. 


lig. 4.—Foot rests mounted on hospital bed, with attachments. 
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and it is then dropped downward at the appropriate distance required. This procedure engages 
the slotted angle on the guide rail so that the foot board becomes fixed in one position (Fig. 3) 
Sufficient flexibility is present in the angular bars that plantar flexion movements of the feet 
an be carried out 

Another foot rest, shown in Figure 4, is a variation of the first (.4) and consists of a 
laminated plywood board bolted to two steel angular bars. These angular bars have been described 
previously, the important feature being the slotted inferior end of the bar As can be seen 


Fig. 5.—Foot rests for spastic limbs. 


Fig. 6.—Position of foot rests when patient assumes lateral position 


from the photograph, it is important to have the angle and slot so constructed that it will 
ride on the guide rails when tilted. When the foot rest is in the vertical position, the sharp 


edge of the steel bar adjacent to the angle bites into the bottom of the guide rail, thus main 


taining its position at that point The guide rails are attached to the sides of the steel frame 


of a bed with bushings of the proper length An additional feature the boot-shaped foot 
attachments which support the feet and ankles in proper alignment [hese toot attachments 
are connected to the laminated plywood by bolts soldered at its base 

he foot rests shown in Figure 5 are somewhat different from the previous ones, as they 


maintain the feet in position more rigidly through the medium of several mechanical features 
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The essential units of this device consist of wooden shower clogs lined with sponge rubber with 
an elastic webbing to hold the feet in place. A solid steel bar, connected to the clog by means 


of a metal arc, serves as an axis and has a locking device. This arc permits dorsiflexion and 
plantar flexion. The other end of this bar is held near the foot of the bed with a clamp-like 
universal joint. In addition, this universal joint is also attached to the bed and thus maintains 
the steel bar in position and makes it possible for rotation and lateral movement to occur in 
the lower limbs 


PURPOSE AND USE 


These foot rests are designed to maintain dorsiflexion of the feet either in patients with 
paralysis or in those confined to bed for long periods. It prevents “dropped feet.’’ Early plantar 
flexion exercises can be instituted if active motion is possible. 

The foot rest (A) is portable and can be used on any bed simply by placing it on top of 
the sheet and mattress. Plantar flexion resistance exercises can be carried out when prescribed, 
as the flat bars are flexible enough to bend with moderate motion of the feet. 

The variation of the foot rest, described previously, is designed to maintain the feet in proper 
position when the body is turned to either side (Fig. 6). The boot-shaped foot pieces are 
lined with sponge rubber. They permit rotation should the patient assume the lateral position. 
Hand towels may be placed in these foot pieces for sanitary purposes. This foot rest is suitable 
for patients with poliomyelitis, paraplegia, and orthopedic conditions requiring immobilization. 

The rigid foot rest (Fig. 5), is designed to maintain the feet in proper position when spasticity 
or contractures of the lower extremities are present. The device offers many possibilities for 
varying the position of the feet, e. g., the side-lying position, and yet prevents deformities from 
occurring. 





CORRECTION 


In the article by Drs, George O. Baumrucker and Jesse W. Shaw, “Urological Complications 
Following Abdominoperineal Resection of the Rectum,” in the October, 1953, issue of the 
Arcuives, the dose of bethanecol (Urecholine) chloride was incorrectly stated (page 511, line 5) 
The dose should have been 5 mg. instead of 5 gm. 
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